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FOREWORD 


This final report is submitted to George C. Marshall Space 
Flight Center, National Aeronautics and Space Administration, by 
the Technology Development Corporation (TDC). This document 

SERVES AS THE FINAL REPORT OF THE STUDY ENTITLED "COAL CONVERSION 

Industrial Applications" under Contract NAS8-33843. Technical 

DIRECTION FOR THIS STUDY EFFORT WAS PROVIDED BY Mr. JOSEPH HAMAKER. 

Questions of a technical nature should be directed to either 
Mr. Dennis Warren or Mr. Joseph Dunkin of TDC at (205) 837-7762. 
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CONCLUSIONS 


This study's primary emphasis was on the development of the 
Synfuels Economic Evaluation Model (SEEM) . However., the model was 
utilized for analysis of the TVA coal conversion facilities cost 

AND PRODUCT ECONOMICS, ALSO, SIX MANWEEKS OF EFFORT WERE DEVOTED 
TO CUSTOMER GAS CONSTITUENT REQUIREMENTS AND NEW INDUSTRY ENERGY 
REQUIREMENTS. MAJOR CONCLUSIONS FROM THIS STUDY ARE SHOWN ON THE 
FACING PAGE. 


CONCLUSIONS 


• Modfrate Yearly Future Escalations (=*6%) in Current Natural Gas 

Prices Will Result in Medium-BTU Gas Becoming Competitive with 

Natural Gas at the Plant Boundary. 

• Utilizing DRI Price Projections, the Alternate Synfuel Products, 

Except for Electricity, Will Be Competitive with Their 
Counterparts. 

• Central-Site Fuel Cell Generation of Eleotricitv. Utilizing MBG. 

Is Economically Less Attractive than the O.her Synthetic Fue , 
Given Projected Price Rises in Electricity Produced by 

Alternate Means. 

t Because of the Estimated Northern Alabama Synfuels Market Demand, 
Existing Conventional Fuels, Infrastructure and Industrial 
Synfuels Retrofit Problems, a Diversity of Transportable 
Synfuels Products Should Be Produced by the Coal Conversion 

Facility. 
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TECHNICAL APPROACH 


The study objectives and three primary tasks are illustrated. 
Major subtasks are also depicted 
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STUDY OBJECTIVES 

t 

Develop Synthetic Fuels 
Product Mix Model 

• 

Analyze Regional Industry 
Benefits 

• 

Identify Customer Gas Constituent 

1 

L_ 

Requirements 


TASK 3 


GAS CONSTITUENT REQUIREMENTS 

• Identify Gas Requirements for 
Specific Industries 
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PROACH 


TASK 1 

SYNFUEL ECONOMICS MODEL 

• Obtain/Expand Data on Supply, 

Demand, Cost & Price 

• Computerize Economic Estimating 

Relationships 

• Formulate & Execute Synfuel 

Production Scenarios 

§ Compare with Selling Price of 
Competing Fossil Fuels 


TASK 2 

NEW INDUSTRY ENERGY 
REQUIREMENTS 

• Examine National & Regional 

Industry Growth 

• Identify New Large Industry 

Users 

• Describe New Industries by 

Synfuel Use 



PROJECT SCHEDULE 


The study project four-month schedule, milestones, and contract 

MANHOURS ARE SHOWN. AGAIN, THE MAJOR RESOURCES WERE ALLOCATED TO 
DEVELOPMENT OF THE SYNFUELS ECONOMIC EVALUATION MODEL. 


ORIGINAL PAGE & 
OP POOR QUALITY 


PROJECT SCHEDULE 



TOTAL 1,640 
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TASK 1 

Synfuel Economic Evaluation Model (SEEM) 


TASK OBJECTIVE: Design, Code, Execute, and Document a Computerized 

Simulation Which Will Model the Future Marketable 
Selling Prices of Different Synthetic Fuel Products, 
Their Respective Production Costs, and the 
Margin for Profit Available fhom Each Product, 
Identify the Most Attractive Synfuel Products. 
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SYNFUEL ECONOMIC EVALUATION MODEL 

- Matrix-Oriented Program Structure - 


The Synfuel Economic Evaluation Model (SEEM) is oriented around 

THE CHANGE IN VALUES OF THE ELEMENTS OF CERTAIN MATRICES. THE COSTS 
OF BUILDING AND OPERATING THE PLANT ARE COMPUTED IN THE FUNDAMENTAL 

Cost Matrix. Prices of fue*.s, such as natural gas, which compete 

WITH SYNTHETIC FUELS, ARE CALCULATED IN THE COMPETING FUEL PRICE 

Matrix. The quantity of synfuel which is manufactured each year is 

COMPUTED IN THE SYNFUELS SUPPLY MATRIX. The AMOUNT OF ANNUAL REVENUE 
WHICH WOULD BE GENERATED BY SELLING THE SYNFUELS AT THE MARKET PRICE 
OF THE COMPETING FOSSIL FUEL IS CALCULATED IN THE SYNFUELS REVENUE 

Matrix. The Cash Flow Matrix then contains the revenue minus cost, 

ON A YEARLY BASIS, OF THE PLANT FACILITY OVER THE LIFETIME OF THE 
PLANT. 
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SYNFUEL ECONOMIC EVALUATION MODEL 


Matrix-Oriented Progpam Structure - 

t FCM - Fundamental Cost Matrix 

• CFP - Competing Fuel Price Matrix 
§ SSM - Synfuels Supplies Matrix 

• SPM - Synfuels Price Matrix 

• SRM - Synfuels Revenue Matrix 

• CFM - Cash Flow Matrix 
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SYNFUEL ECONOMIC EVALUATION MODEL 

- Basic Program Input - 


The basic program inputs include t» ^nt construction schedule, 

THE COSTS OF OPERATING THE PLANT, THF oDUCT TYPE, AND THE QUANTITY 
OP COAL WHICH IS CONSUMED ON AN AN uAL BASIS. ESCALATION RAT*'S ARE 
EITHER READ INTO THE PROGRAM OR INTERNALLY GENERATED FOR BOTH SYNFUEL 
PRODUCT COSTS AND PRODUCT PRICE: 

The program requires numerous inputs in addition to the above 

VARIABLES. HOWEVER, ALL OF THE DATA FOR A SAMPLE RUN IS ALREADY 

embedded within the program code, so the program can be run without 

ANY ADDITIONAL DATA INPUT BY THE USER, IF HE DESIRES A SAMPLE RUN. 


as* 
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SYNFUEL ECONOMIC EVALUATION MODEL 


- Basic Program Input - 


• For Each Module 

- Construction Start, Stop 

- Operation Start, Stop 

- Construction Cost 

- Operating Cost 

- Coal Cost 

- Product Type 

- Process Efficiency 

- Product Transportation Cost 

- Coal Quantity 

- Escalation Rates 

- Premium/Subsidy Factor 


• For Each Competing Fuel 

- 1980 Market Price 

- Escalation Rates 

• Miscellaneous 

- General Inflation Rate 

- Number of Data Cases 
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SYNFUEL ECONOMIC EVALUATION MODEL 

- Program Sequenle - 


The computational flow of the program proceeds as follows, The 

YEARLY COSTS OF BUILDING AND OPERATING THE SYNFUEL FACILITY ARE 
COMPUTED AND PLACED IN THE ELEMENTS OF THE FUNDAMENTAL COST MATRIX 
(FCM) . I HE PROJECTED PRICES OF COMPETING FOSSIL FUELS, SUCH AS 
NATURAL GAS, ARE COMPUTED AND PLACED IN THE COMPETING FUEL PRICE 

Matrix (CFP). Next, the amounts of synfuels in millions of BTU's 

WHICH ARE GENERATED BY THE FACILITY ON AN ANNUAL BASIS ARE CALCULATED, 
The MARKETABLE SELLING PRICE OF THE SYNFUEL DURING EACH YEAR IS FOUND 
BY SETTING THE PRICE OF THE SYNFUEL EQUAL TO THE PRICE OF ITS FOSSIL 
FUEL COUNTERPART. At THIS POINT, THE PROGRAM TAKES ONE OF TWO 
ALTERNATE PATHS. If ”L = 1 ", THE YEARLY REVENUES OF THE PLANT ARE 
SET EQUAL TO THE YEAR COSTS OF THE PLANT; THIS IS A "YEARLY BREAK-DOWN" 
ANALYSIS. IF "L = 2 ", THE YEARLY REVENUES ARE SET EQUAL TO THE 
INCOME PRODUCED BY SELLING THE PLANT PRODUCT AT THE MARKETABLE SELLING 
PRICE OF THE COMPETING FOSSIL FUEL. AFTER THIS STEP, A LEVELIZED 
REVENUE (COST) VALUE IS COMPUTED TO OBTAIN A LEVELIZED $/MMBTU NUMBER. 

This number is utilized as a single figure of merit to describe the 

ENTIRE LIFE CYCLE ECONOMICS OF THE SYNFUEL FACILITY. 


13 



C TtarQ 


Compute 

Yearly 

Cost 


Compute 
Competing 
Fuel Prices 


Compute 

Synfuel 

Supplies 


Compute 

Synfuel 

Prices 


SYNFUEL ECONOMIC EVALUATION MODEL 

- Program Sequence - 


FCM 

Matrix 


CFP 

Matrix 


SSM 

Matrix 


SPM 

Matrix 
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SYNFUEL ECONOMIC EVALUATE MODEL 

- Basic Program Output - 


The basic output of the Sv fuel Economic Evaluation Model is the 

ANNUAL PLANT CONSTRUCTION AND OPERATING COSTS, THE REVENUES GENERATED 
BY SELLING THE SYNFUEL PRODUCTS ON THE MARKET AND THE NET CASH FLOW 
OF THE PLANT. As A SUiSLE FIGURE OF MERIT, THE LEVELIZED REVENUE, 
WHICH IS EQUAL TO THE LEVELIZED COST OF THE PLANT OVER ITS LIFE CYCLE, 
IS ALSO OUTPUT. 
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SYNFUEL ECONOMIC EVALUATION MODEL 

- Basic Program Output - 


e By Year 


t Summary Output 


- Plant Costs 

- Synfuel Supplies 

- Competing Fuel Prices 

- Synfuel Prices 

- Synfuel Revenues 

- Net Cash Flow 


Level i zed Inflated Revenue 
Level i zed Inflated S/MMBTU 
Level i zed Revenue (1930 Dollars) 
Levelized $/MMBTU (1980 Dollars) 
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SYNFUEL ECONOF : EVALUATION MODEL 

Basic Program Modeling Capabilities - 


This chart illustrates some of the basic modeling capabilities 

OF THE SYNFUEL ECONOMIC EVALUATION MODEL, THE DARK DOTS BY THE 

NUMBERS INDICATE THOSE SENSITIVITY STUDIES WHICH WERE PERFORMED DURING 
THIS CONTRACT. 
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• (1) 
( 2 ) 

• (3) 

(4) 

(5) 

• ( 6 ) 

• (7) 
( 8 ) 
(9) 

( 10 ) 

( 11 ) 

• (12) 


SYNFUEL ECONOMIC EVALUATION MODEL 


- Basic Program Modeling 

Different Capital Cost Estimates • 

Different Construction Schedules 

Delays in Construction & Operation 

Cost of Construction Funds, Raw 
Materials, & Operation & 

Maintenance 

Different Types of Coals 

Projected Future Prices of 

Competing Fuels f 

Partial Plant Completion 

Partial Plant Operation 

Synfuel Production Costs 

Synfuel Selling Prices 

Market Price Premiums/Discounts 

Non-Uniform Escalation Rates 


Capabilities - 

(13) Different Synfuel Products 

(14) Transportation Costs of Synfuels 

(15) Differential Rates of Inflation 

(16) Yearly Plant Costs 

(17) Yearly Plant Revenues 

(18) Yearly Production Quantities 

(19) Different Process Efficiencies 

(20) Cross-Over of Production Cost & 

Market Price 

(21) Single or Multiple Module 

Evaluation 

(22) Levelized Expense Streams 

(23) Levelized Revenue Streams 

(24) Levelized Product Cost - $/MMBTU 

(25) Levelized Product Price - S/MMBTU 
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SYNFUEL ECONOMIC EVALUATION MODEL 

- Model Assumptions - 


Some of the fundamental underlying assumptions which are presently 

INCORPORATED IN THE SYNFUEL ECONOMIC EVALUATION MODEL ARE SHOWN ON 
THIS CHART. 
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SYNFUEL ECONOMIC EVALUATION MODEL 

- Model Assumptions - 




Designed to Support Parametric Synfuels Facility Analysis 

TVA Module Schedules & Economic Guidelines 

No Tax or Debt/Equity Considerations 

Each Module Will Have 90% Operating Capacity 

Synfuels Prices Can Include Subsidies and Premiums 

Competing Fuel Prices Based on DRI Projections 

Synfuels Transportation Cost Considered 

Escalation Rates Based on TVA & DRI Projections 

Program Output in Then Year Dollars and 1980 Present Value 

Cash Flows Disbursed at Beginning of Each Calendar Year 

Inflation and Interest Expense Considered During Construction 
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SYNFUEL ECONOMT EVALUATION MODEL 

- Test Case Assumptions - 


For purposes of illustrating the capabilities and output of the 
Synfuels Economic Evaluation Model, the test case data which is shown 

ON THIS CHART WAS INPUT INTO THE SIMULATION. ALL OF THE BASIC 
CAPITAL COST AND OPERATING COSTS ESTIMATES WHICH WERE INPUT TO THE 
MODEL IN THIS STUDY WERE OBTAINED FROM ESTIMATES PRODUCED FOR NASA/MSFC 
by the BDM Corporation and the Mittelhauser Corporation. 


SYNFUEL ECONOMIC EVALUATION MODEL 

- Test Case Assumptions - 


• Koppers-Totzek Gasifiers 

t Total Capital Construction Cost = $1.8 Billion Dollars (1980 Dollars) 
for Four-Module MBG Plant 

• Interest Rate on Construction Loan is 12Z 

• Coal Cost = $30/Ton (1980 Dollars) 

• The Four Modules Become Operational in 1985, 1986, 1987, and 

1988 Respectively 

• Each Module Has a Twenty-Year Operational Life 

• Prices of Competing Fossil Fuels Are Based on Market 

Projections by imta Resources,. Inc. (DRI) 
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COAL GASIFICATION PROJECT -SUMMARY SCHEDULE 


This construction schedule was utilizf* .a the NOM I NAL schedule 

FOR MODULE CONSTRUCTION IN ALL OF THE DAT <HICH WILL BE PRESENTED IN 
THIS REPORT. 



COAL GASIFICATION PROJECT-SUHRARV SCHEDULE 
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FOUR-MODULE SYNFUEL FACILITIES COST 


This figure shows that the total cost, in inflated dollars, of 
BUILDING THE BASIC FOUR-MODULE MB6 PLANT IS APPROXIMATELY 2.25 
BILLION DOLLARS. 

This figure also illustrates that the construction costs of 

PRODUCING ADD-ON EQUIPMENT TO THE BASIC FOUR-MODULE MBG FACILITY IS 
WITHIN APPROXIMATELY ONE BILLION DOLLARS OF BUILDING THE MBG FACILITY, 
ASSUMING THE SAME CONSTRUCTION SCHEDULE FOR THE MODULES, 




YEARLY REVENUE FOR VARIOUS 
FOUR-MODULE PLANTS 


The largest annual revenue is generated by the sale of medium-BTU 
gas. Revenue from the sale of hydrogen is almost equal to that of 
the MBG product. Electricity generated at the coal conversion facility/ 

UTILIZING FUEL CELLS/ GENERATES THE LEAST REVENUE BECAUSE IT IS 
ASSUMED THAT THIS ELECTRICITY IS SOLD AT THE SAME RATES AS ELECTRICITY 

FROM OTHER SOURCES. THESE FUTURE RATES ARE PROJECTED TO BE LOWER 
THAN NG RATES. 


YEARLY REVENUE FOR VARIOUS 
FOUR-MODULE PLANTS 



FOUR-MODULE MB6 
SYNFUELS FACILITY COSTS 


This chart shows that in the test case,, the largest cost driver 

OVER THE SYNFUEL PLANT LIFE CYCLE COST IS THE COST OF COAL. THE 
SECOND LARGEST COST DRIVER IS THE O&M COSTS (EXCLUDING COAL) AND THE 

THIRD LARGEST DRIVER IS PAYBACK OF THE CONSTRUCTION LOAN PLUS INTEREST 
ON THIS LOAN. 



Billions of 
Dollars 

(Inflated Dollars - ) 


Four-Module MBG 
SYNFUELS FACILITY COSTS 


Coal Cost 

Operation & Maintenance Cost 
Construction Cost Payback 


- /\ 

/ \ 

/ » 

/ \ 


YEARLY SYNFUEL PRODUCTION COSTS 
FOR FOUR-MODULE FACILITIES 


This figure illustrates that central site fuel cell generation 

OF ELECTRICITY HAS THE HIGHEST ANNUAL PRODUCTION COST. MEDIUM-BTU 
GAS (MBG) HAS THE LOWEST ANNUAL PRODUCT COST. 


Annual Cost 

(Billions of Inflated Dollars) 


% 



Electricity 
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EFFECT OF PARTIAL PLANT 
COMPLETION ON MBG PRODUCT COST 


If plant construction was to cease after completion of the 

FIRST MODULE, THEN THIS FI6URE INDICATES THAT THE MAXIMUM INCREASE 
IN PRODUCT COST, ON A DOLLAR PER MILLION BTU BASIS, WOULD BE APPROXI- 
MATELY 1 S/MMBTU . 
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EFFECT OF PARTIAL PLANT 
COMPLETION ON MBG PRODUCT COST 


s 



One-Module Operation 
Four-Module Operation 


(1987) (1988) (1989) 

Year of Operation 



FOUR-MODULE MBG PLANT 
SYNFU r REVENUE 


This revenue is assumed to be generated by selling all of the 

PLANT'S OUTPUT AT THE PREVAILING PRICE/ ON A S/MMBTU BASIS/ OF 
NATURAL GAS. THE MAXIMUM YEARLY GENERATED REVENUE IS APPROXIMATELY 
20 BILLION DOLLARS. 



FOUR-MODULE MBG PUNT 
SYNFUEL REVENUE 
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Fl ^-MODULE MBG n, j\NT 
NET CASH FI.OW 


This figure illustrates TWf key points concerning the yearly 

NET CASH FLOW OF THE MBG PLANT , AFTER THE PLANT STARTS OPERATING. 

The first point is that the yearly net cash flow, after the start 
of operation, is always positive, Secondly, the magnitude of the 

CASH FLOW IS VERY LARGE, PEAKING OUT AT APPROXIMATELY 15 BILLION 
DOLLARS PER YEAR. THIS LARGE POSITIVE CASH FLOW IS A CONSEQUENCE 

of: (1) Assuming that, on a S/HBTU basis, the MBG can be sold at 

THE SAME PRICE AS THE PREVAILING NATURAL GAS PRICES; AND, 

(2) Assuming that future natural gas prices will escalate at the j 

RATES PREDICTED BY DATA RESOURCES, INC, 

j 

f 

■'ll 
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FOUR-MODULE MUG 
NET CASH FLOI 
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FOUR-MODULE MB6 ^rtT 
YEARLY FACILITIES COST 


The annual cost of 

APPROXIMATELY 4 BILLION 


OPERA"' o THE MBG FACILITY PEAKS OUT AT 
DOLLARS PER YEAR, 
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1980 



EFFECT OF YE r . O&M COSTS ON 
COS JF MBG 



A *0 

aS 


The sensitivity of the overall cost of medium-BTU gas to changes 

IN THE COST OF OPERATING AND MAINTAINING THE GASIFICATION FACILITY 
IS ANALYZED IN THIS FIGURE. Ti E YEARLY O&M COSTS ARE IN 1980 DOLLARS. 

From the figure, the following formulas can be derived: 

Change in O&M Costs - A(0M) = 100 - 10 = 90 

(in millions of 1980 dollars) 

Change in Overall Costs = AC = 13-7 = 6 $/MMBTU 

AC/ A(0M) = ~S = ,06667 

90 
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MBG Cost 

(Inflated S/MMBTU) 








EFFECT OF PARTIAL PLANT 
COMPLETION ON MBG PRODUCT COST 


The sensitivity of the overall MBF uuct cost to partial 

PLANT COMPLETION IS ANALYZED HERE. T _ tFFECT OF COMPLETING ONLY 
ONE MODULE, INSTEAD OF THE ORIGINALLY SCHEDULED FOUR MODULES, IS 

APPROX I 2L™ y^tT ™ E MBG ' ° N A LEVELIZED BASIS, FROM 

APPROXIMATELY $4.7 5 TO APPROXIMATELY $5,17, 
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EFFECT OF PARTIAL PLANT 
COMPLETION ON SYNFUEL COST 


The effect of completing only one module, instead of the 

ORIGINALLY SCHEDULED FOUR MODULES, FOR MBG AND THE ALTERNATE SYNFUEL 
PRODUCTS CONSIDERED IN THIS STUDY, IS SHOWN IN THIS FIGURE. On A 
S/MMBTU BASIS, THE EFFECT IS APPROXIMATELY Sl/MMBTU OR LESS LEVELIZED 
IN ALL CASES. 



EFFECT OF PARTIAL PLANT 
COMPLETION ON SYNFUEL COST 
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Four-Module Plant 
Product Cost 


16 _ 
14 _ 



One-Module Plant 
Product Cost 



MBG SN3 Methanol Gasoline Hydrogen 



Electricity 


Synfuel Product 



FOUR-MODULE MBG PLANT 
SYNFUEL PRICE 


This figure illustrates the rapid increase in the marketable 

SELLING PRICE OF MBG IF: (1) It IS ASSUMED TO SELL AT EXACTLY THE 

SAME PRICE (ON A $/MMBTU BASIS) AS NATURAL GAS; AND, (2) THE FUTURE 
PRICE INCREASES IN NATURAL GAS ARE BASED ON RECENT PROJECTIONS BY 

Data Resources, Inc. 



FOUR-MODULE MBG PLANT 
SYNFUEL PRICE 
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FOUR-MODULE M pr PLANT 
SYNFUEL PROmiC.iON COST 


The yearly annual cost of producing MBG rises from approximately 
10 5/MMBTU (in in-lated dollars) to slightly over 40 l/MMBTU during 

THE LIFETIME OF THE PLANT. THIS COST INCREASE IS CAUSED BY ESCALATION 
IN COAL COSTS AND ^THER 0&M COSTS/ SUCH AS IMPORTED ELECTRICITY. 



FOUR-MODULE MB6 PUNT 
SYNFUEL PRODUCTION COST 
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FOUR-MODULE MBG PLANT 
YEARLY SYNFUEL SUPPLIES 


Assuming that the MBG from this plant is produced by Koppers- 
Totzek gasifiers, then, after all four modules are operating, the 

YEARLY OUTPUT OF MBG, IN BILLIONS OF BTU, IS APPROXIMATELY 
101 TRILLION BTU'S PER YEAR. 
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SENSITIVITY OF LOAN PAYMENTS TO INTEREST RATES 
FOUR-MODULE MB6 PLANT 


This figure indicates that yearly debt repayments increase from 
250 MILLION DOLLARS PER YEAR TO APPROXIMATELY 525 MILLION DOLLARS 
PER YEAR IF THE INTEREST RATES ON THE BORROWED MONEY INCREASE FROM 
8 % A YEAR TO 16 % A YEAR. 


SENSITIVITY OF LOAN PAYMENTS TO INTEREST RATES 
FOUR-MODULE MBG PUNT 
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SENSITIVITY OF MBG PRODUCT COST 
TO DELAYS IN START OF CONSTRUCTION 
FOR FOUR-MODULE FACILITY 


One parameter of interest is the "First Year MBG Product Cost 

BECAUSE IT IS DESIRED THAT THIS COST OF PRODUCTION BE AT A LEVEL 
THAT WOULD ALLOW THE PRODUCT TO BE SOLD AT A MARKET PRICE AT WHICH 
A FINANCIAL LOSS WOULD NOT BE SUSTAINED. THIS FIGURE SHOWS THAT 
THE FIRST YEAR PRODUCT COST, IN INFLATED DOLLARS, RISES FROM APPROX I 
MATELY $9.30 PER MMBTU TO $15/MMBTU, IF THE INITIAL START OF PLANT 
CONSTRUCTION IS DELAYED FOR FIVE YEARS, THIS ASSUMES AN 8% ANNUAL 
INCREASE IN CONSTRUCTION COSTS. 
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SENSITIVITY OF MBG PRODUCT COST 
TO DELAYS IN START OF CONSTRUCTION 
FOR FOUR-MODULE FACILITY 



Delay in Start of Construction (Years) 


SENSITIVITY OF FOUR-MODULE MBG 
FACILITY TO DELAYS IN START OF CONSTRUCTION 


This figure illustrates that the construction cost of a four- 
module MBG FACILITY, IN INFLATED DOLLARS, INCREASES FROM APPROXIMATELY 
2.2 BILLION DOLLARS TO 3.2 BILLION DOLLARS IF CONSTRUCTION IS DELAYED 
FOR FIVE YEARS. THIS ASSUMES AN 8% ANNUAL INCREASE IN CONSTRUCTION 
COSTS. 
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SENSITIVITY OF FOUR-MODULE MBG 
FACILITY TO DELAYS IN START OF CONSTRUCTION 
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DelAy in Start of Construction (Years) 
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SENSITIVITY OF CUMULATIVE 
NET CASH FLOW TO OVERALL 
PROCESS EFFICIENCY 


OF THE FOUR-MODULE MBrFACILITr ER SOMrorj ANT FEATURES AB ° UT THE LIFE CYCLE ECONOMICS 

below: LITY * SoME 0F THE most important observations are summarized 


(1) 


( 2 ) 


(3) 


A DROP in CONVERSION EFFICIENCY FROM 90% TO 70% RESULTS IN A l ncc 

approximately 75 BILLION dollars over the lifetime op the plant or 
approximately 33* (75 bill.on/225 billion) of the^"proh t" ^of^the^plant 

efficiency at which the life cycle RevLues Zal l^ cycle°costs ION 

THE FIGURE) ! VEN P ° ,NT) ^ ^ APPR0XIHAT E*-Y 15* (SEE POINT PI ON 

IF the CONVERSKIN EFFICIENCY WAS ZERO, THEN THIS POINT GIVES THE LIFE 
CYCLE COSTS OF OPERATING THE PLANT. This IS POINT P2 ON THE FIGURE 
AND WE SEE THAT THE LIFE CYCLE COSTS OF OPERATING THIS HRG LrZ ' 

APPROXIMATELY 50 BILLION dollars (in infuted dollars) ,UTY IS 
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SENSITIVITY OF CUMULATIVE 
NET CASH FLOW TO OVERALL 
PROCESS EFFICIENCY 



POTENTIAL COAL-DERIVED SYNFUEL PRODUCTS 


The six (6) products on this chart are the ones which were 

ANALYZED IN THIS STUDY UTILIZING THE SYNFUEL ECONOMIC EVALUATION 

Model (SEEM). 
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POTENTIAL COAL-DERIVED SYNFUEL PRODUCTS 

(1) Medium-BTU Gas (MBG) 

(2) Synthetic Natural Gas (SNG) 

(3) Methanol 

(4) Gasoline 

(5) Hydrogen 

(6) Fuel Cell Electricity 
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PROCESS - PRODUCT - SYNFUELS - TRANSPORTATION 


This chart illustrates that different gasification processes, 
such as Koppers-Totzek, Texaco, and Babcock & Wilcox, can all be 
utilized to produce medium-BTU gas (MBG). This MBG can in turn be 

CONVERTED INTO MANY OTHER USEFUL PRODUCTS, SUCH AS METHANOL, GASOLINE, 
ETC. 
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SYNFUELS SCENARIOS 


This chart illustrates some of the potential products which the 

VARIOUS MODULES OF THIS COAL GASIFICATION FACILITY COULD PRODUCE. 

Additionally,, potential customers for the module outputs are shown, 
as well as product transportation modes. 
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FOUR-MODULE MB6 VERSUS GASOLINE 


This figure illustrates that from the standpoint of "profit"/ 

THAT IS/ PRICE MINUS COST/ MBG AND SYNTHETIC GASOLINE ARE APPROXI- 
MATELY EQUIVALENT. THAT IS/ THE DELTA DIFFERENCE/ ON A S/MMBTU 
BASIS/ BETWEEN THE MBG COST AND PRICE CURVES IS ABOUT THE SAME AS 
BETWEEN THE GASOLINE COST AND PRICE CURVES. HOWEVER/ TWO CAVEATS 
SHOULD BE NOTED WHEN INTERPRETING THESE CURVES: 

(1) MBG PIPELINE AND USER RETROFIT COSTS HAVE NOT 
BEEN CONSIDERED. 

(2) The quantity of BTU's produced by an MBG plant 

IS MUCH HIGHER THAN THE QUANTITY PRODUCED BY 
A GASOLINE PLANT OF SIMILAR SIZE, 
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FOUR-NODULE MBG VERSUS GASOLINE 


(T) Gasoline Market Price 
(2) Gasoline Production Cost 
(?) HBG Market Price 
(5) MBG Production Cost 


FOUR-MODULE MB6 VERSUS METHANOL 


This chart compares the relative economics of MBG and methanol 

WHEN BOTH ARE PRODUCED BY A 20,000 TON PER DAY COAL CONVERSION 
FACILITY. IN THIS PARTICULAR CASE, THE METHANOL, ON A $/MMBTU BASIS, 
COSTS MORE TO PRODUCE THAN MBG WHILE IT SELLS FOR LESS. 
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FOUR-MODULE MBG VERSUS HYDROGEN 


This figure compares the relative economics of a 20,000 ton 

PER DAY MBG PLANT WITH A PLANT WHICH UTILIZES THE SAME AMOUNT OF 
COAL TO PRODUCE PURE HYDROGEN, In THIS CASE, THE HYDROGEN COSTS 
MORE TO PRODUCE BUT IT IS ALSO ASSUMED TO SELL AT A PREMIUM TO 
NATURAL GAS BECAUSE IT IS A "CLEANER" FUEL, PRODUCING NO CO 2 DURING 
COMBUSTION AND ALSO BECAUSE IT COULD BE UTILIZED AS A CHEMICAL 
FEEDSTOCK WITHOUT FURTHER CHEMICAL DECOMPOSITION. THUS, THE 
RELATIVE ECONOMICS OF THE MBG AND HYDROGEN FACILITY APPEAR TO BE 
APPROXIMATELY EQUALLY ATTRACTIVE. (It SHOULD BE NOTED THAT THE RELATIVE 
DEMAND FOR THESE PRODUCTS BY THE USER COMMUNITY IS NOT EXAMINED 
HERE.) 
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FOUR-MODULE MB6 VERSUS HYDROGEN 


(T) Hydrogen Market Price 
© Hydrogen Production Cost 
(?) MBG Market Price 
© MBG Production Cost 
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FOUR-MODULE MBG VERSUS SNG 


This figure illustrates the relative economics of a four-module 

COAL CONVERSION FACILITY WHICH PRODUCES MEDIUM-BTU GAS VERSUS A 
FACILITY WHICH PRODUCES SUBSTITUTE NATURAL GAS (SNG). It IS ASSUMED 
HERE THAT BOTH MBG AND SNG WILL SELL ON THE SAME $/MMBTU BASIS AS 
NATURAL GAS. A COMPARISON OF CURVE 2 AND CURVE *1 SHOWS THAT SNG 
COSTS MORE THAN MBG TO PRODUCT ON A $/MMBTU BASIS. HOWEVER, WHAT IS 
UQ1 SHOWN IN THE FIGURE IS THE FACT THAT THERE ARE VERY SMALL PIPE- 
LINE COSTS ASSOCIATED WITH DISTRIBUTING SNG INTO THE EXISTING 
PIPELINE SYSTEM AND, MORE IMPORTANTLY, THERE ARE MQ USER RETROFIT msTQ 
WHEN SNG IS PRODUCED INSTEAD OF MBG, Of COURSE, THERE WOULD BE NO 
RETROFIT COSTS FOR ANY HEW INDUSTRIES THAT WERE BUILT SOLELY TO 
UTILIZE THE MBG FROM THIS PLANT, 
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FOUR-MODULE MBG VERSUS SNG 

(1) SNG Market Price 

(2) SNG Production Cost 
(?) MBG Market Price 
(J) MBG Production Cost 
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FOUR-MODULE MBG VERSUS ELECTRICITY 


This figure examines the relative economics of a four-module 

COAL CONVERSION FACILITY VERSUS A FACILITY WHICH UTILIZES COAL TO 
PRODUCE A GAS TO FEED TO FUEL CELLS, LOCATED AT THE COAL CONVERSION 
FACILITY j WHICH WOULD THEN PRODUCE ELECTRICITY TO INSERT IN THE 
TVA ELECTRICAL GRID NETWORK, THE WASTE HEAT FROM THESE FUEL CELLS, 

IN THIS EXAMPLE, HAS NQI BEEN UTILIZED IN ANY SORT OF COGENERATION 

mode. Another very important assumption in this case is that the 

ELECTRICITY CAN BE SOLD ONLY AT LOW PROJECTED RATES . THESE RATES 
ARE ASSUMED TO INCREASE SLOWLY IN FUTURE YEARS, 

Given all of the above assumptions, the relative economics of 

A FOUR-MODULE MBG PLANT VERSUS A FOUR-MODULE FUEL ELECTRICITY PLANT 
CAN BE SUMMARIZED AS FOLLOWS, THE MARKETABLE SELLING PRICE OF THE 
FUEL CELL ELECTRICITY IS ALWAYS BELOW ITS PRODUCTION COST, RESULTING 
IN A CLEARLY UNECONOMICAL SITUATION, ADDITIONALLY, THE FOUR-MODULE 
MBG FACILITY IS CLEARLY THE FACILITY OF CHOICE IN THIS SPECIFIC CASE, 
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FOUR-MODULE NBG VERSUS ELECTRICITY 


(T) Electricity Market Price 
(?) Electricity Production Cost 
© MBG Market Price 
@ MBG Production Cost 





LOSS OF REVENUE INCURRED BECAUSE OF 
PLANT DOWN-TIME 

- Four-Module MBG Plant - 


This figure illustrates the impact of down-time (loss of 

MODULE PRODUCTION) DURING THE FIRST FIVE YEARS OF PLANT OPERATION. 

An example of the interpretation OF THIS FIGURE IS AS FOLLOWS. If 
THE DOWN-TIME (FOR ALL OPERATING MODULES) IS 20% PER YEAR/ THEN AT 
THE END OF THE FIFTH YEAR (YEAR S) OF OPERATION/ THE PLANT IS 
LOSING APPROXIMATELY 750 MILLION DOLLARS PER YEAR IN POTENTIAL REVENUE. 

(This income would be realized if all modules had been operating 
100% OF THE TIME/ INSTEAD OF BEING DOWN 20% OF THE TIME.) 
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Annual Operating Losses 
(Millions of Inflated Dollars) 


LOSS OF REVENUE INCURRED BECAUSE OF 
PLANT DOWN-TIME 

- Four-Module MBG Plant - 



78 


T 


DELTA COST INCREASE IN MBG PRODUCT 
BECAUSE OF PLANT DOWN-TIME 

- Four-Module MB6 Plant - 


This figure shows the jJi£REMENIAL/ or delta, cost added to the 

MBG PRODUCT COST BECAUSE THE PLANT IS NOT OPERATING AT 1001 OF 
CAPACITY. For example, the incremental cost ADDED TO THEBAS1C MBG 
PRODUCT COST, « F THE PLANT OPERATES WITH 20X DOWN-TIME (50X OF CAPACITY), 
IN THE FIFTH \ R OF OPERATION IS APPROXIMATELY S3/MMBTU IN INFLATED 


DOLLARS. 
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NET CASH FLOW FOR FOUR-MODULE FUEL CELL PLANT 


This figure illustrates that the net cash flow (revenues minus 
cost) for central-site fuel cell electricity, using coal gas and 
selling the electricity at projected TVA rates, is negative for every 

YE,’R OF PLANT OPERATION. On THE OTHER HAND, USING DRI PROJECTED 
NATURAL GAS PRICES, THE NET CASH FLOW FOR AN MBG PLANT OF THE SAME 
SIZE IS POSITIVE FOR EVERY YEAR OF OPERATION. 





MBG MARKET ECONOMICS WITH 
5% ANNUAL INCREASE IN NATURAL GAS PRICES 


This figure illustrates that, given the current high prices of 

NATURAL GAS AND DRI PROJECTED PRICE INCREASES, THEN, IF NATURAL GAS 
PRICES INCREASE AT 6% A YEAR COMPOUNDED, BY 1996 THE MBG PRODUCTION 
COST, ON A S/MMBTU BASIS, WILL EQUAL THE SELLING PRICE; I.E., BREAK- 
EVEN WILL HAVE OCCURRED. 
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NBG MARKET ECONOMICS 
WITH 

57. ANNUAL INCREASE 
IN NATURAL GAS PRICES 

MBG 

/ PRICE 


CROSS-OVER 





MBG MARKET ECONOMICS WITH 
0% ANNUAL INCREASE IN NATURAL GAS PRICES 


This figure illustrates graphically the importance of market 

PRICES OF COMPETING FUELS, IN THIS CASE NATURAL GAS, ON THE ECONOMICS 
OF A SYNFUELS PLANT. GIVEN THE OBVIOUSLY THEORETICAL SCENARIO WHERE 
NATURAL GAS PRICES DO NOT INCREASE IN THE FUTURE, EVEN IN I NFLATED TERMS ., 
THEN THE YEARLY MBG PRODUCT COST IS A L WAYS. HIGHER THAN ITS SELLING 
PRICE, AND THE MBG MUST BE SOLD AT PREMIUM PRICES OF UP TO $2.50/MMBTU 
OVER THE PRICE OF NATURAL GAS (iN 1980 DOLLARS), JUST FOR THE MBG PLANT . 
TO BREA K EVEN . 
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MEG MARKET ECONOMICS 
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SENSITIVITY OF MBG 

TO ANNUAL INCREASES IN NATURAL GAS PRICES 


This figure illustrates that, given the current high prices 
OF natural gas as a base, these natural gas prices need increase at 

AN ANNUAL COMPOUNDED RATE OF ABOUT 6.5% FOR OUR MBG PLANT TO 
BREAK EVEN AFTER 20 YEARS OF OPERATION. (It SHOULD BE NOTED THAT 
UNDER SUCH CIRCUMSTANCES, THE PLANT WOULD SUFFER HUGE OPERATING 
LOSSES DURING ITS EARLY YEARS OF OPERATION.) 
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SENSITIVITY OF MBG 

TO ANNUAL INCREASES IN NATURAL 6AS PRICES 



*MBG Plant Costs Do Not Include 



Percent Annual Increase in Natural Gas Prices 
(Inflated Price Increases) 



SENSITIVITY OF MBG PRODUCT COST 
TO THE COST OF CAPITAL 


This figure shows that, ovfr the LIFETI ME OF THE PLA NTS THE MBG 
PRODUCT COST IS RELATIVELY INSENSITIVE TO WHETHER THE INTEREST RATE 
ON BORROWED CAPITAL IS 9 % OR 16 %. THE REASON FOR THIS INSENSITIVITY 
IS THAT INTEREST PAYMENTS ARE ONLY A SMALL FRACTION OF THE TOTAL 
PRODUCT COST. THE MAJOR ON-GOING CONTRIBUTORS TO PRODUCT COST ARE 
COAL COSTS AND O&M CCSTS, 
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SENSITIVITY OF MBG YEARLY REVENUES 
TO PARTIAL PLANT COMPLETION 


This figure illustrates the impact on the magnitude of yearly 

REVENUE if PLANT CONSTRU CTION IS STOPPFD AFTER EITHER 1, 2 , 3 OR 
A MODULES HAVE BEEN COMPLETED. 


SENSITIVITY OF MBS YEARLY REVENUES 
TO PARTIAL PLANT COMPLE T ION 
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SENSITIVITY OF MBG PRODUCT COST 
TO EFFICIENCY OF THE PROCESS 


This figure shows that the MBG product cost goes up exponentially 

IF OVERALL MBG CONVERSION EFFICIENCY (FROM THE RAW C0AL> DROPS BELOW 
APPROXIMATELY 50 %. 
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SENSITIVITY OF MBG PRODUCT COST 
TO EFFICIENCY OF THE PROCESS 







SENSITIVITY OF MBG PRODUCT COST 
TO COAL COST ESTIMATES 


This figure shows the sensitivity of the MBG product cost, in 
LEVEL I zed 1980 S/MMBTU, TO variations in the cost of coal from 
$10/Ton to $50/Ton, 



SENSITIVITY OF MBG PRODUCT COST 
TO COAL COST ESTIMATES 



Dollars Per Ton) 





SENSITIVITY OF MBG PRODUCT COST 
TO m COST ESTIMATES 


This figure shows the sensitivity of the MBG product cost, in 

LEVELIZED 1930 DOLLARS, TO VARIATION IN INITIAL OPERATIONAL COSTS 

of from 50% (40 million/160 million) to 300% (240 million/80 million) 

OF THE NOMINAL 80 MILLION DOLLAR OPERATING COST OF THE PLANT, 
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SENSITIVITY OF MBG PRODUCT COST 
TO OXM COST ESTIMATES 
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SENSITIVITY OF MBG PRODUCT COST TO 
CONSTRUCTION COST ESTIMATES 


This figure shows that, over the lifetime of the flani, the MBG 

PRODUCT COST IS RELATIVELY INSENSITIVE TO A VARIATION IN INITIAL 
CAPITAL COST ESTIMATES OF FROM 50% (1 BILLION/2 BILLION) TO 200% 

(4 billion/2 billion) of the nominal $2 BILLION cost of the plant. 
The variation in levelized 1980 S/MMBTU is only from $4.25 to 
$6.5 PER MILLION BTU. 
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ONE-MODULE SYNFUEL FACILITIES COST 


This figure shows that the inflated cost of the first module of 

THE FOUR-MODULE FACILITY RANGES FROM APPROXIMATELY 600 MILLION DOLLARS 
TO 850 MILLION DOLLARS,, ASSUMING THE SAME NOMINAL SCHEDULE* IF THE 
CHOICE OF MBG AND ALTERNATE PRODUCTS SHOWN IS EXAMINED. It SHOULD BE 
NOTED THAT^THE ALTERNATIVE PRODUCTS ARE ASSUMED TO BE PRODUCED BY 
"ADDING ON" TO THE ORIGINAL MBG MODULE. THEREFORE* THE MBG MODULE IS 
THE LOWEST COST MODULE IN THIS SITUATION. 
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EFFECT OF DOWN-TIME ON KBG COST 


This figure shows that down-time (loss of module production) 

CAN SIGNIFICANTLY IMPACT THE COST OF PRODUCTION OF MBG. FOR EXAMPLE, 
WITH A 20% DOWN-TIME RATE, BY THE END OF THE FIFTH YEAR OF PLANT 
OPERATION, THE MBG IS SELLING AT A PRODUCT COST OF OVER 116/MMBTU 
(IN INFLATED DOLLARS), VERSUS A PRODUCT OF APPROXIMATELY $11 , 75/MflBTU 
WITH 0% DOWN-TIME, 
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MBG MARKET ECONOMICS WITH 
10% ANNUAL INCREASE IN NATURAL GAS PRICES 


This figure illustrates that with 10% annual compounded price 

INCREASES IN NATURAL GAS, BREAK-EVEN WILL OCCUR IN 1990. W TURNS OUT 
THAT, IN THIS CASE, BREAK-EVEN OCCURS EARLY ENOUGH IN THE MBG PLANT S 
LIFE THAT IT MAKES MONEY BY THE END OF ITS 20-YEAR LIFE, 


S/MMBTU 

(Inflated Dollars) 
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SELLING 
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YEARLY 

PRODUCTION 
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SYNFUEL COST VERSUS PRICES 
(1980 dollars) 


CHART ILLUSTRATES THAT IF A FOUR-MODULE SYHFUELS PLANT 
WERE OPERATING IQJAY ( 1980 ),, THEN THE COST OF PRODUCING ITS PRODUCTS 
WOULD BE HI GH E R THAN THE PRICE OF COMPETING FOSSIL FUELS, 
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SY1FUEL COST VS. PRICES (1980 DOLLARS) 
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mbg sensitivity to natural gas prices 


This figure shows that, in levelized economic values, the 

SELLING PRICE OF MBG EVENTUALLY EXCEEDS ITS PRODUCTION COST IF NATURAL 
GAS PRICES INCREASE AT A HIGH ENOUGH RATE OVER THE LIFE CYCLE OF THE 
MBG PLANT. 
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MEG SENSITIVITY TO NATURAL GAS PRICES 



Annual Natural Gas Price Increases (X) 




PROJECTED NATURAL GAS PRICES 
ASSUMING VARIOUS ESCALATION RATES 


This figure shows that the escalation rates,, derived from Data 
Resources, Inc, (DRI) projections, for natural gas prices are equiva- 
lent TO UNIFORM ANNUAL NATURAL GAS PRICES INCREASES OF ABOUT 17% 
(BETWEEN 15% AND 20% ON THE CHART). THESE DRI PROJECTIONS ARE THE 
BASIS FOR THE MBG SELLING PRICES THAT ARE UTILIZED IN THE BASE CASE 
IN THE COMPUTER MODEL. 


Ill 


$/MMBTU 

(Inflated Dollars) 


PROJECTED NATURAL GAS PRICES 
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MBG SENSITIVITY TO ANNUAL INCREASES 
IN NATURAL GAS PRICES 


This figure shows that the cross-over point , in level i zed 

ECONOMIC TERMS, OCCURS WHEN NATURAL GAS PRICE INCREASES EXCEED 
APPROXIMATELY 6% PER YEAR (COMPOUNDED). At THE CROSS-OVER POINT, 
THE LIFE CY r LE COSTS OF PRODUCING THE MBG EQUAL THE LIFE CYCLE 
REVENUE PRODUCED FROM SELLING THE MBG. 
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MBG SENSITIVITY TO ANNUAL INCREASES 
IN NATURAL GAS PRICES 
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SYNFUELS COSTS VERSUS PRICES 


At the DRI escalation rates assumed in this study., it can be 

SEEN THAT IN LEVELIZED ECONOMIC TERMS/ THE LIFE CYCLE COSTS OF 
PRODUCING THE VARIOUS SYNFUEL PRODUCTS WILL BE LESS THAN THE LIFE 
CYCLE SELLING PRICE OF THE MBG, EXCEPT FOR FUEL CELL ELECTRICITY 
PRODUCED AT THE CENTRAL SITE. 
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ANNUAL SYNFUEL PRODUCTION COSTS & PRICES 
OF COMPETING FUELS 

(Inflated S/MMBTU, DR! Projections) 


This chart illustrates two important points. First, future 

SELLING PRICES OF MBG, WHICH ARE BASED ON DRI PROJECTIONS FOR NATURAL 
GAS PRICES, ARE EXTREMELY HIGH, RANGING FROM $9.91 IN 1985 TO $184.83 
in 2006. This makes MBG look extremely attractive and probably 

OVERSTATES ITS ATTRACTIVENESS. SECONDLY, ELECTRICITY PRICES ARE ASSUMED 
TO ESCALATE MUCH MORE SLOWLY, THUS STRONGLY AFFECTING THE SELLING PRICE 
OF FUEL CELL ELECTRICITY AND MAKING CENTRAL-SITE GENERATION OF FUEL 
CELL ELECTRICITY UTILIZING COAL APPEAR TO BE UNECONOMICAL. 
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ANNUAL SYNFUEL PRODUCTION COSTS & PRICES OF COMPETING FUELS 
(INFLATED $/MMBTU , DRI PROJECTIONS) 



MBG 

SNG 

METHANOL 

GASOLINE 

HYDROGEN 

ELECTRICITY 

YEAR 

Cost 

Price 

Cost 

Price 

Cost 

Price 

Cost 

Price 

Cost 

Price 

Cost 

Price 

1985 

9.38 

9.91 

15.40 

9.91 

15.34 

17.43 

20.80 

26.72 

16.74 

12.80 

21.46 

11.04 

1986 

9.37 

12.35 

15.59 

12.35 

15.59 

22.13 

21.15 

33.92 

16.97 

15.95 

21.93 

12.77 

1987 

10.01 

15.75 

16.66 

15.75 

16.67 

21.09 

22.59 

32.32 

18.09 

20.35 

23.44 

14.21 

1988 

10.77 

20.09 

17.88 

20.05 

17.92 

25.79 

24.22 

39.52 

19.34 

25.95 

25.14 

15.43 

1989 

11.65 

25.89 

19.26 

25.89 

19.32 

29.39 

26.05 

45.04 

20.76 

33.45 

27.04 

16.98 

1990 

12.52 

33.71 

20.67 

33.71 

20.76 

37.48 

27.93 

57.44 

22.20 

43.55 

29.01 

19.26 

1991 

13.44 

43.19 

22.17 

43.19 

22.29 

41.66 

29.93 

63.84 

23.74 

55.80 

31.11 

21.26 

1992 

14.45 

49.11 

23.81 

49.11 

23.97 

47.50 

32.13 

72.80 

25.42 

63.45 

33.41 

23.09 

1993 

15.56 

55.72 

25.61 

55.72 

25.81 

49.54 

34.54 

75.92 

27.27 

72.00 

35.95 

25.03 

1994 

16.72 

63.00 

27.52 

63.00 

27.77 

54.03 

37.11 

82.80 

29.23 

81.40 

38.65 

27.14 

1995 

18.01 

71.01 

29.63 

71.01 

29.93 

58.88 

39.92 

90.24 

31.39 

91.75 

41.61 

29.42 

1996 

19.41 

79.76 

31.93 

79.76 

32.29 

64.21 

43.02 

98.40 

33.76 

103.05 

44.87 

31.86 

1997 

20.90 

89.16 

34.39 

89.16 

34.82 

69.95 

46.33 

107.20 

36.29 

115.20 

48.37 

34.52 

1998 

22.51 

99.00 

37.07 

99.00 

37.57 

76.26 

49.93 

116.88 

39.03 

127.90 

52.17 

37.46 

1999 

24.23 

109.17 

39.95 

109.17 

40.54 

83.10 

52.82 

127.36 

42.00 

141.05 

56.31 

40.57 

2000 

26.09 

119.66 

43.07 

119.66 

43.76 

90.62 

58.04 

138.88 

45.20 

154.60 

60.78 

44.01 

2001 

28.09 

130.03 

46 . 44 

130.02 

47.23 

98.76 

62.59 

151.36 

48.66 

168.20 

65.61 

47.67 

2002 

30.19 

140.60 

50.02 

140.60 

50.93 

107.64 

67.45 

164.96 

52.34 

181.65 

70.79 

51.73 

2003 

32.48 

150.85 

53.94 

150.85 

54.99 

117.35 

72.77 

179.84 

56.37 

194.90 

76.48 

56.06 

2004 

34.90 

161.46 

58.10 

161.46 

59.30 

127.89 

78.42 

196.00 

60.65 

208.60 

82.53 

60.77 

2005 

37.33 

172.72 

62.41 

172.72 

63.79 

139.37 

84.34 

213.60 

65.11 

223.15 

88.93 

65.88 

2006 

40.37 

184.83 

67.68 

184.83 

69.24 

151.95 

91.54 

232.88 

70.59 

238.80 

96.63 

71.37 
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ANNUAL OPERATION & MAINTENANCE COST 
FOR VARIOUS FOUR-MODULE PLANTS 

(Millions of Inflated dc^rs) 

This table shows that O&M costs, excluding coal costs, are lowest 

FOR THE MBG FACILITY AND HIGHEST FOR THE FUEL CELL ELECTRICITY FACILITY. 
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ANNUAL OPERATION & MAINTENANCE COST 
FOR VARIOUS FOUR-MODULE PLANTS 
(Millions of Inflated Dollars) 




YEAR 

MBG 

SNG 

METHANOL 

GASOLINE 

HYDROGEN 

ELECTRICITY 

1985 

35.4 

73.2 

85.4 

88.5 

75.2 

111.0 

1986 

117.0 

241.9 

232.3 

292.5 

248.6 

367.0 

1987 

171.2 

354.0 

413.0 

428.0 

363.8 

537.0 

1988 

188.8 

390.3 

455.5 

472.0 

401.2 

592.2 

1989 

20/.2 

428.4 

500.0 

518.0 

440.3 

649.9 

1990 

228.0 

471.4 

550.1 

570.0 

484.5 

715.1 

1991 

251.2 

519.4 

606.0 

628.0 

1,33.8 

j 787.9 

1992 

276.0 

570.6 

665.9 

690.0 

586.5 

865.7 

1993 

304.0 

628.5 

733.4 

670.0 

646.0 

953.5 

1994 

334.4 

691.4 

806.7 

836.0 

710.6 

1,048.9 

1995 

36 7 . 2 

759.2 

885.9 

918.0 

780.3 

1,151.7 

1996 

404.0 

835.3 

974.7 

1,010.0 

858.5 

1,267.2 

1997 

444.8 

919.6 

1.073.1 

1,112.0 

945.2 

1,395.1 

1998 

488.8 

1,010.6 

1,179.2 

1,222.0 

1,038.7 

1.533.1 

1999 

538.4 

1,113.1 

1,298.9 

1,346.0 

1,144.1 

1,688.7 

2000 

592.0 

1,224.0 

1,428.2 

1,480.0 

1,258.0 

1,855.8 

2001 

651.2 

1,346.4 

1,571.0 

1,628.0 

1,383.8 

2,042.5 

2002 

716.0 

1,480.3 

1,727.4 

1,790.0 

1,521.5 

2,245.7 

2003 

788.0 

1,629.2 

1,901.1 

1,970.0 

1,674.5 

2,471.6 

2004 

866.4 

1,791.3 

2,090.2 

2,166.0 

1,841.1 

2,717.5 

2005 

715.2 

1,478.7 

1,725.4 

1,788.0 

1,519.8 

2,243.2 

2006 

262.2 

542.1 

632.6 

655.5 

557.2 

822.4 










"I 


ANNUAL SYNFUEL REVENUES FOR VARIOUS 
FOUR-MODULE FACILITIES 

(Billions of Inflated Dollars) 


This table shows that MBG produces the highest yearly revenue, 
of the products considered. This is a consequence of the fact that 
MBG has a high selling price and more MBG is producep than any other 

ALTERNATIVE PRODUCT. 


121 


ANNUAL SYNFUEL REVENUES FOR VARIOUS 
FOUR-MODULE FACILITIES 

(Billions of Inflated Dollars) 


YEAR 

MBG 

SNG 

METHANOL 

GASOLINE 

HYDROGEN 

ELECTRICITY 

1985 

0.34 

0.26 

0.48 

0.57 

0.33 

0.23 

1986 

1.29 

0.98 

1.37 

1.63 

1.25 

0.76 

1987 

2.19 

1.67 

2.23 

2.65 

2.13 

1.09 

1988 

2.82 

2.16 

2.54 

3.02 

2.74 

1.21 

1989 

3.67 

2.81 

3.24 

3.86 

3.57 

1.37 

1990 

4.70 

3.60 

3.61 

4.29 

4.58 

1.51 

1991 

5.34 

4.09 

4.11 

4.89 

5.20 

1.64 

1992 

6.06 

4.64 

4.29 

5.10 

5.90 

1.78 

1993 

6.85 

5.25 

4.68 

5.56 

6.67 

1.93 

1994 

7.73 

5.91 

5.10 

6.06 

7.52 

2.09 

1995 

8.68 

6.64 

5.56 

6.61 

8.45 

2.26 

1996 

9.70 

7.42 

6.06 

7.20 

4.45 

2.45 

1997 

10.77 

8.24 

6.60 

7.85 

10.05 

2.66 

1998 

11.88 

9.09 

7.19 

8.55 

11.57 

2.88 

1999 

13.02 

9.96 

7.84 

9.33 

12.68 

3.12 

2000 

14.16 

10.84 

8.55 

10.17 

13.79 

3.38 

2001 

15.30 

11.71 

9.32 

11.08 

14.89 

3.67 

2002 

16.41 

12.56 

10.16 

12.08 

15.98 

3.98 

2003 

17.57 

13.44 

11.07 

13.17 

17.10 

4.31 

2004 

18.79 

14.38 

12.07 

14.35 

18.30 

4.67 

2005 

15.08 

11.54 

9.87 

11.73 

14.69 

3.80 

2006 

5.38 

4.12 

3.58 

4.26 

5.24 

1.37 



ANNUAL COST FOR VARIOUS FOUR-MODULE PLANTS 

(Billions of Inflated Dollars) 


t , _ TAW1P SH0WS F or example, that maximum annual costs in 

INF UaIe FOR ; HE D.PFER.NT FOUR-MODULE SYNFUELS PLANTS RANGE 

FROM 3.80 BILLION DOLLARS FOR MBG TO 5.86 BILLION DOLLARS FOR 
CENTRAL-SITE FUEL CELL ELECTRICITY GENERATION. 
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ANNUAL COST FOR VARIOUS FOUR-MODULE PLANTS 
(Billions of Inflated Dollars) 


YEAR 

MBG 

SNG 



METHANOL 

GASOLINE 

HYDROGEN 

ELECTRICITY 

1985 

0.26 

0.32 

0.33 

0.35 

0.34 

0.38 

1986 

0.76 

0.97 

1.01 

1.07 

1.04 

1.17 

1987 

1.09 

1.39 

1.44 

1.52 

1.48 

1.66 

1988 

1.17 

1.49 

1.55 

1.63 

1.59 

1.78 

1989 

1.27 

1.60 

1.67 

1.75 

1.70 

1.92 

1990 

1.36 

1.72 

1.80 

1.88 

1.82 

2.06 

1991 

1.46 

1.85 

1.93 

2.01 

1.95 

2.21 

1992 

1.57 

1.98 

2.08 

2.16 

2.08 

2.37 

1993 

1.69 

2.13 

2.23 

2.32 

2.24 

2.55 

1994 

1.82 

2.29 

2.40 

2.49 

2.40 

2.74 

1995 

1.96 

2.47 

2.59 

2.68 

2.57 

2.95 

1996 

2.11 

2.66 

2.80 

2.89 

2.77 

3.18 

1997 

2.27 

2.86 

3.01 

3.11 

2.98 

3.43 

1998 

2.45 

3.09 

3.25 

3.35 

3.20 

3.70 

1999 

2.64 

3.33 

3.51 

3.62 

3.44 

4.00 

2000 

2.84 

3.59 

3.79 

3.90 

3.71 

4.31 

2001 

3.06 

3.87 

4.09 

4.20 

3.99 

4.66 

2002 

3.28 

4.16 

4.41 

4.53 

4.29 

5.02 

2003 

3.53 

4.49 

4.76 

4.89 

4.62 

5.43 

2004 

3.80 

4.84 

5.13 

5.27 

4.97 

5.86 

2005 

3.05 

3.90 

4.14 

4.25 

4.00 

4.73 

2006 

1.10 

1.41 

1.50 

1.54 

1.45 

1.71 
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V-* 

YEARLY REVENUE - MINUS - COST FOR VARIOUS 
FOUR-MODULE FACILITIES 


(Billions of Inflated Dollars) 


This table shows that maximum revenues minus costs, excluding 
TAXES, RANGE FROM +15 BILLION DOLLARS (INFLATED) FOR MBG TO -1.18 
BILLION DOLLARS FOR CENTRAL-SITE FUEL CELL ELECTRICITY. 
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YEARLY REVENUE - MINUS 
FOUR-MODULE F 
(Billions of Infl 


YEAR 

MBG 

SNG 

METHANOL 

1985 

0.08 

-0.06 

0.15 

1986 

0.52 

0.01 

0.36 

1987 

1.00 

0.29 

0.79 

1988 

1.64 

0.67 

0.99 

1989 

2.40 

1.20 

1.57 

1990 

3.34 

1.87 

1.81 

1991 

3.88 

2.24 

2.18 

1992 

4.49 

2.66 

2.21 

1993 

5.16 

3.11 

2.44 

1994 

5.91 

3.62 

2.69 

1995 

6.72 

4.17 

2.97 

1996 

7.59 

4.76 

3.26 

1997 

8.50 

5.38 

3.59 

1998 

9.43 

6.00 

3.94 

1999 

10.38 

6.63 

4.33 

2000 

11.33 

7.25 

4.76 

2001 

12.24 

7.84 

5.23 

2002 

13.13 

8.39 

5.75 

2003 

14.03 

8.95 

6.31 

2004 

15.00 

9.54 

6.93 

2005 

12.04 

7.64 

5.72 

2006 

4.28 

2.71 

2.09 
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SUMMARY OF TEST CASE Or n UT FOR VARIOUS PRODUCTS 
(FOUR-MODULE FACILITIES) 


This table illustrates some of the capabilities of the Synfuel 
Economic Evaluation Model to provide quantitative information on the 
important economic parameters of coal-based synthetic fuel complexes. 
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SUMMARY OF TEST CASE OUTPUT FOR VARIOUS PRODUCTS 
(FOUR-MODULE FACILITIES) 



MBG 

SNG 

METHANOL 

GASOLINE 

HYDROGEN 

ELECTRICITY 

TOTAL SYNFUELS PRODUCTION 
(Quadrillion BTU's) 

2.18 

1.67 

1.73 

1.34 

1.64 

1.43 

TOTAL LIFETIME PLANT COST 
(Billions of Inflated $) 

44.54 

56.40 

59.43 

67.39 

58.64 

67.83 

AVERAGE SYNFUELS COST 
($/MMBTU) 

20.47 

33.87 

34.33 

45.70 

35.76 

47.80 

TOTAL SYNFUELS REVENUES 
(Billions of Inflated $) 

197.72 

151.30 

129.51 

154.02 

192.51 

52.14 

TOTAL SYNFUELS CASH FLOW 
(Billions of Inflated $) 

153.18 

94.90 

70.08 

92.63 

133.87 

-15.69 

TOTAL PRESENT VALUE 
(Billions of Inflated $) 

16.38 

9.66 

7.90 

10.55 

13.92 

-2.26 

LEVELIZED INFLATED COST 
(Billions of $) 

0.8645 

1.0946 

1.1475 

1.1914 

1.1465 

1.3119 

LEVELIZED INFLATED REVENUE 
(Billions of $) 

3.32 

2.54 

2.33 

2.77 

3.23 

0.97 

LEVELIZED INFLATE I> PRODUCT COST 
($/MM3TU) 

7.95 

13.14 

13.26 

17.74 

13.98 

18.49 

LEVELIZED INFLATED PRODUCT PRICE 
($/MMBTU) 

30.53 

30.53 

26.94 

41.29 

39.44 

13.72 

LEVELIZED 1980 COST 
(Millions of $) 

518.28 

655.65 

687.98 

714.25 

687.38 

786.53 

LEVELIZED 1980 REVENUE 
(Billions of $) 

1.99 

1.52 

1.40 

1.66 

1.94 

0.58 

LEVELIZED 1980 PRODUCT COST 
($/MMBTU) 

4.76 

7.88 

7.95 

10.63 

8.38 

11.08 

LEVELIZED 1980 PRODUCT PRICE 
($/MMBTU) 

18.30 

18.30 

16.15 

24.75 

23.65 

8.23 
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SENSITIVITY OF MBG PLANT CASH FLOWS 
TO NATURAL GAS PRICES 


This chart shows the extreme sensitivity of the life cost 

ECONOMICS OF THE MBG FACILITY TO THE PRICE OF THE NATURAL GAS WITH 
WHICH IT COMPETES. It IS OBVIOUS THAT THE PROFITS OF THE PLANT WILL 
INCREASE IN A STRONGLY NON-LINEAR FASHION AS NATURAL GAS PRICES 
INCREASE, 


Billions of Dollars 
(Inflated Dollars) 








MBG VERSUS METHANOL 


This page present several charts which enable one to perform 

COMPARATIVE ECONOMIC EVALUATIONS OF ALTERNATIVE COAL-BASED SYNTHETIC 
FUEL COMPLEXES. THIS PARTICULAR COMPARISON IS BETWEEN MBG AND METHANOL. 


METHANOL 
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"MBG VERSUS GASOLINE" 

This page illustrates the relative economics of a coal-based 

MBG FACILITY VERSUS A COAL-BASED SYNTHETIC GASOLINE FACILITY. 
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YEAR YEAR 





rRG VERSUS HYDROGEN" 


This page illustrates the relative economics of a coal-based MBG 

FACILITY VERSUS A COAL“BASED HYDROGEN FACILITY. 
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Billions of . $/MMBTU 

Inflated Dollars (Inflated Dollars) TBTU 
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m VERSUS FUEL CELL ELECTRICITY" 

This page, and the next page, illustrate the relative economics 

OF A COAL-BASED MBG FACILITY VERSUS A CENTRAL-SITE FUEL CELL FACILITY 
WHICH USES A COAL GAS IN ITS FUEL CELLS. 


Electricity 






ONE MODULE CONSTRUCTION COSTS 


This table shows that if the basic MBG module costs about 
465 million dollars (1930 dollars) then all of the add-on units 

TO MAKE THE OTHER PRODUCTS FALL WITHIN 209 MILLION DOLLARS OF 
THIS BASELINE COST. (i.E., 674 - 465 = 209 MILLION DOLLARS) 



k 






t'i 

ONE MODULE CONSTRUCTION COSTS 



Methanol 


Gasoline 


Hydrogen 


Electricity 



577 . 720 . 720 . 

637 . 495 . 720 . 

667 . 220 . 720 . 

674 . 220 . 720 . 
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ONE-MODULE FACILITIES 
YEARLY OPERATION & MAINTENANCE COSTS 

This chart gives the relative 0 & M costs of one module of 
MBG versus other synfuel products which would utilize the MBG out- 
put of this module to produce other synfuels 
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Annual Cost 

(Millions of 1980 Dollars) 







SENSITIVITY OF THE FIRST MB6 MODULE 
TO DELAYS IN START OF CONSTRUCTION 


This figure shows that a four-year delay in starting construction 

OF THE FIRST MODULE WILL CAUSE THE CONSTRUCTION COST OF THIS MODULE, 

IN INFLATED DOLLARS, TO RISE FROM 593 MILLION DOLLARS TO 807 MILL I 
DOLLARS, AN INCREASE OF 214 MILLION DOLLARS. THIS INCREASE ASSUMES 
AN 82 A YEAR INCREASE IN CONSTRUCTION COSTS. 
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First Module 
(Inflated Dollars) 



12 3 ^ 

Delay in Start of Construction (Years) 
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SENSITIVITY OF MBG PRODUCT COST 
TO DELAYS IN START OF CONSTRUCTION 
OF THE FIRST MODULE 

This figure shows that a four-year delay in starting construction 

OF THE FIRST MODULE RESULTS IN THE FIRST YEAR £0 £1 OF PRODUCING THE 

MBG to rise from approximately $9.50/MMBTU to $13 . 25/MMBTLL in 
Inflated Dollars. 
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SENSITIVITY OF MBG PRODUCT COST 
TO DELAYS IN START OF CONSTRUCTION 
OF THE FIRST MODULE 



Delay in Start of Construction (Years) 
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ONE MBG MODULE VERSUS ONE SNG MODULE 

Product Cost 


This f.gure shows that, oh a S/MMBTU bas>s the co ST of pno^'ho 
qup trcatfr than the cost of producing MBG. However, this fact 

HOST BE ASSESSED IN PROPER PERSPECTIVE. A HUGE P.PEUNE JIBUTI 
SYSTEM IS ALREADY IN PUCE FOR TRANSPORTING NATURAL GAS. ALSO, THERE 
!s ^RETROFIT COST FOR THE END-USER OF SNG, IF HIS PLANT ALREADY 

USES NATURAL GAS. 
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ONE MBG MODULE 
VERSUS 

ONE SNG MODULE 
PRODUCT COST 
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*MBG Cost Does to. Include 
Pipeline Cost or Retrofit Cost 



SNG 

Production 

Cost 

MBG 

Production 

Cost* 


i — i — i — i | i i i i | i t i i | i i i i | 1 1 | 

1985 1990 1995 2000 2005 
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ONE MBG MODULE VERSUS ONE SNG MODULE 

Product Revenues 

If the first modulf is utilized for SNG production,, rather than 

MBG PRODUCTION, THEN THIS FIGURE SHOWS THAT THE YEARLY REVENUES 
GENERATED BY SELLING THE MBG WILL BE HIGHER THAN THOSE GENERATED BY 
SELLING THE SNG OUTPUT. THIS ASSUMES THAT BOTH MBG AND SNG ARE SOLD 
AT THE CURRENT YEAR MARKET PRICE OF NATURAL GAS. 


151 



' I I 1 1 1 I 
2000 2005 






ESCALATION FACTORS 


Using DRI and TVA escalation rates for electricity and coal, 

THE PRICE INCREASES WILL AMOUNT TO FOUR TIMES THE PRICE FROM 1980 
TO 2000 USING THE TVA RATES, AND ALMOST EIGHT TIMES USING THE DRI 
rates. Obviously, these escalation rates are very significant and 

WILL DETERMINE THE ECONOMIES OF SYNFUEL PRICES IN COMPETING WITH 
CONVENTIONAL FUELS. TDC USED THE DRI ESCALATIONS IN PERFORMING 
PRICE ANALYSIS OF FUELS. 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


PROJECT FUEL INCREASES 


Data Resources, Inc,, (DRI) uses econometric models to project 

FUEL PRICE INCREASES. The PERCENTAGE OF INCREASE AND THE CORRE- 
SPONDING FUEL PRICES ARE SHOWN FROM 1980 TO 2007 FO* COAL, NATURAL 
GAS, ELECTRICITY, GASOLINE, METHANOL, FUEL OIL, AND HYDROGEN, 
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FUEL CELL DEVELOPMENT 


First generation fuel cells will be commercially available 
(according to EPRI) during 1983. Phosphoric acid and molten carbonate 

FUEL CELLS ARE CONSIDERED TO BE ADVANCED TECHNOLOGY AND WILL NOT BE 
AVAILABLE COMMERCIALLY UNTIL 1988 - 1989. THE ADVANCED TECHNOLOGY 
FUEL CELLS WILL REQUIRE FEWER BTU'S PER KWH OF ELECTRICITY GENERATED 
(7500 VERSUS 9300 BTU/KWH) . A TVA decision on usage of the phosphoric 

ACID OR MOLTEN CARBONATE COULD NOT BE MADE UNTIL 1988, ABOUT THE TIME 

Modules 3 and 4 would be coming on-line. 
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ORIGINAL PAGE IS 
OF POOP. ^UALTIY 


FUEL CELL DEVELOPMENT 
<EPR! R & D STATUS REPORTS) 



TVA FUEL 
CELL DECISION 


*9300 BTU/KWH 

**7500 BTU/KWH; 0.78 VDC 3ndiviHu.il Oils; Tower Densities 150 W/Ft 2 
40,000 Hours Demonstration 
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ELECTRICAL UTILITY LOAD DEFINITION 


Fuel cells can operate over a wide load, therefore can be 

UTILIZED FOR BASE.* PEAK, OR INTERMEDIATE ELECTRICAL LOADS. TDC 
ANALYZED FOUR MODULE PRODUCING MEDIUM-BTU GAS FOR FUEL CELLS 
OPERATING IN A BASE LOAD. THEREFORE, THE FUEL CELLS WOULD BE COM- 
PETING ECONOMICALLY AGAINST TVA's FOSSIL FUEL AND NUCLEAR POWER 
PLANTS . 
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BASE LOAD 

PEAK LOAD 

INTERMEDIATE 

LOAD 


ELECTRICAL UTILITY LOAD DEFINITION 


- 80% + Utilization; >8000 Hours/Yr; Large Capital 

Investments; Low $/MBTU Operating and Capital 
Recovery Costs; Efficiencies 34 - 45%. 

- 15% Utilization; Low Capital Investment; Operate 

1500 Hours/Yr; Higher Operating Costs; 
Efficiencies 13 - 24%. 

- 40% of Less Utilization; Operate > 3500 Hours/Yr 

Typically Natural Gas of Oil Fired; 

Base and Peak Load Plants; Efficiencies 24 - 34%. 
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TYPICAL UTILITY 6ENERAT0R HEAT RATE 
CHARACTERISTICS 


TVA IS CURRENTLY USING TURBINES FOR PEAK POWER GENERATION. 

These turbines operate during January and February when home and 

INDUSTRIAL HEATING REQUIREMENTS ARE HIGH. TVA IS CONSIDERING 
COMBINED-CYCLE UNITS FOR POWER GENERATION. As THE FIGURE SHOWS, 
ADVANCED FUEL CELLS OPERATE OVER WIDE LOADS AND REQUIRE THE LESSER 
HEAT RATE FOR ELECTRICAL GENERATION, 
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Heat Rate, HHV (BTU/KWH) 


TYPICAL UTILITY GENERATOR HEAT RATE CHARACTERISTICS 
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RP114 - ADVANCED FUEL CELL 
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Source: "An Electric Utility Fuel Cell: Dream or Reality?" 

A.P. Fickett, American Power Conference, April, 1975, 



TVA SYSTEM GENERATING CAPACITY 


For fuel cells to be viable commercially, they must compete 

WITH THE CURRENT AND PROJECTED TVA ELF.CTRICAL GENERATING CAPABILITY. 
TVA HAS SEVERAL NUCLEAR PLANTS COMING ON-LINE DURING THE 1980'S. 
These plants will be generating an inexpensive electricity. TVA 
ELECTRICAL RATES DURING THE 1980 'S ARE PROJECTED TO GROW BY 
PERCENTAGES RELATIVELY SMALL COMPARED TO PRETROLEUM PRODUCTS AND 
NATURAL GAS. THEREFORE, ECONOMICALLY, IT IS DIFFICULT FOR CENTRAL- 
SITE FUEL CELLS, OPERATING AT BASE LOADS, TO COMPETE WITH PROJECTED 

TVA ELECTRICAL RATES. 
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TVA SYSTEM GENERATING CAPACITY 

Millions of Kilowatts 


Combustion Turbine f/Z/j 
Pumped Storage Y/Z/ 






Fossil 

Fuel 


Hydro 




1979 TVA ELECTRICAL LOADS AND SUPPLY 


Fuel cells could be utilized for peak power load requirements 

DURING THE MONTHS OF JANUARY AND FEBRUARY, JUNE AND JULY. CURRENTLY, 
TVA USES COMBUSTION TURBINE GENERATORS FUELED BY DIESEL OIL. In 
1979, APPROXIMATELY 1.8 TRILLION BTU ' S OF FUEL WERE USED TO GENERATE 
PEAK ENERGY REQUIREMENTS. THE COMBUSTION TURBINES WERE USED AT 
APPROXIMATELY 2% OF THEIR OPERATING CAPACITY. 
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TVA LOADS & SUPPLY - 1979 
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FUEL CELL ACID TECHNOLOGY 


A SCHEMATIC IS SHOWN USING A 10,000 TPD ADVANCED GASIFIER TO 
GENERATE FUEL FOR A CENTRAL FUEL CELL POWER GENERATION FACILITY. 

The coal gasification system includes an air separator, acid gas 

REMOVAL, AND CLAUS SULPHUR AND CO2 REMOVAL. THE FUEL CELL SCHEMATIC 
IS SECOND GENERATION ACID TECHNOLOGY BEING DEVELOPED BY EPRI . 
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MOLTEN CARBONATE FUEL CELL 


The schematic shows a 10/000 TPD advanced gasifier generating 

FUEL FOR A CENTRAL-SITE FUEL CELL BANK. THE COAL GASIFICATION 
SYSTEMS INCLUDE AN AIR REDUCTION/ HEAT RECOVERY/ AND SULPHUR 
REMOVAL. THE FUEL CELL SCHEMATIC IS A SECOND GENERATION MOLTEN 
CARBONATE TYPE BEING DEVELOPED BY EPRI . 















FUEL CELL PARAMETERS 


TDC DEVELOPED FUEL CELL COST PARAMETERS FOR TOTAL FACILITY COST 
and econo'c analysis. The central site 20,000 TPD couldcenerate 

approximately 2,600 MEGAWATTS of electricity, WHICH ^ SIGNIFICANTLY 
LARGER THAN THE TYPICAL FOSSIL FUEL POWER PLANT. ^ESTIMATED 
CAPITAL INVESTMENT COST FOR THE MOLTEN CARBONATE FACILITY IS 

(1980 $ Millions) and $836.4 millions for the second generation acid 
Solo^ Capital investment C$/KW) is 282 and 322 for molten 

CARBONATE AND ACID FUEL CELLS RESPECTIVELY. 
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FUEL CELL PARAMETERS 

($1980, Millions) 


SOURCE 

EPR1 


FUEL RATE 

250 BBTU/Day MBG 


Type 

Molten 


(Central Base Load) 

Carbonate 

Acid 

Co Shift 

_ _ _ _ 

22.10 

Reforming 

93.70 

— 

Heat Exchanger 

63.70 

74.40 

Aux. Boiler 

— 

24.80 

TuRbo Generator 

60.10 

— 

Cell Stack & Ancillaries 

527.60 

645.20 

Fuel Conditioning 

— 

70 , QQ 

Total Capital Cost 

745.10 

836.40 

Yearly Labor & 



Maintenance (1%) 

7.45 

8.36 

Generating, MW 

2 , 640.00 

2 , 600.00 

$/KW 

282.00 

322.00 

Heat Rate (BTU/KWH) 

7 , 720.00 

7 , 840.00 
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SYNTHETIC NATURAL GAS (SNG) 
PRODUCTION SCHEMATIC 


Methanation of medium-BTU gas (MBG) involved drying the MBG 

AFTER ACID GAS REMOVAL; AND SHIFTING AND METHANATING THE GAS. CARBON 
DIOXIDE (CO2) AND HYDROGEN ARE REMOVED TO PROVIDE ESSENTIALLY 
PURE METHANE (CH/j) . The SCHEMATIC IS A TYPICAL METHANATION PROCESS 
OF A SYNTHESIS GAS AND IS STATE-OF-THE-ART. 
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KOPPERS-TOTZEK MBG TO HYDROGEN 


Converting medium-BTU gas from the Koppers-Totzek process to 

HYDROGEN IS SHOWN ON THE SCHEMATIC. SULPHUR AND CAREON MONOXIDE ARE 
REMOVED AND CARBON DIOXIDE IS SHIFTED. ESSENTIALLY PURE (99%) 
HYDROGEN IS GENERATED AT 1000 PSIG. 


MOBIL METHANOL TO GASOLINE 


Mobil Oil has developed a process to convert methanol to 
GASOLINE; CALLED THE MOBIL'M PROCESS. CRUDE METHANOL (17% WATER) 
IS CONVERTED TO PROCESSED HIGH-OCTANE GASOLINE. 
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SYNFUELS PARAMETERS 


1980 CAPITAL COST ESTIMATES FOR ADDING HYDROGEN AND SYNTHETIC 
NATURAL GAS (SN6) TO THE FOUR-MODULE MEDIUM-BTU GAS (MBG) FACILITY 
ARE ILLUSTRATED. THE MBG FUEL RATE IS ASSUMED TO BE 250 BBTU/DaY. 
The SNG facility contains a 35 mile pipeline cost to Gadsden. 

In both cases, it is assumed the yearly operations and maintenance 

COSTS ARE IX OF THE CAPITAL INVESTMENT. 
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SYNFUELS PARAMETERS 


Product 

Source 

MBG Fuel Rate 
Synthesis Gas Compression 
C o Shift 

CO2 & H2S Removal 
Methanation & Drying 
Product Compression 
Sulfur Recovery 
Total Capital Cost 
Yearly Labor & Maintenance 


Hydrogen 
Koppers-Totzek 
250 BBTU/Day 
$10,50 
12,90 
97.50 
8,30 
8.00 
_1L6Q 
$54.80 
$ 0.54 


Synthetic Natural Gas 


Parsons 

250 BBTU/Day 

Shift Conversion $76.63 

Methanation 0-77 

SNG Treating 62.16 

Pipeline (Gadsden) 12*36 

Total Capital Cost $152.52 


Yearly Labor 8 Maint. $ 1.52 
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COAL-TO-METHANOL FACILITY 


A COAL-TO-METHANOL BADGER FACILITY DESIGN IS SHOWN FOR A 
10,500 TPD COAL GASIFICATION FACILITY. THE METHANOL PROCESS INCLUDES 
CO SHIFT, PURIFICATION, AND METHANOL SYNTHESIS. 
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COAL 

FEEO 



IIO T/0 


BLOCK FLOW DIAGRAM FOR ONE TRAIN OF BADGER 
COMMERCIAL COAL-TO-METHANOL PLANT. 
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METHANOL AND GASOLINE SYNFUEL PARAMETERS 


Methanol and gasoline capital and operations and maintenance 

(O&M) COST ESTIMATES ARE DEPICTED, ThE ESTIMATES WERE DERIVED FROM 

Babcock and Wilcox, Mobil, and ESCOE reports, One percent of the 

CAPITAL ESTIMATE COSTS ARE ESTIMATED TO BE O&M, THE COST ESTIMATES 
ARE BASED ON AN MBG FUEL RATE OF 250 BBTU/DaY . 
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SYNFUELS PARAMETERS 
($1980, Millions) 


Product 

Methanol 


Gasoline 

Source 

Babcock 8 Wilcox 


Mobil & ESC0I 

MBG Fuel Rate 

250 BBTU/Day 


250 BBTU/Day 

Methanol Synthesis 

$176.20 

Reactor 

$122.80 

Synthesis Gas Compression 

28.80 

Conversion 

79.90 

Methanol Drying 

16.70 

Gas Plant 

11.50 

Methanol Purification 

4.50 

Pollution Systems 

46.40 

Product Storage 

ILi>Q 

Compression 

34.80 

Total Capital Cost 

$239.70 

Storage 

14^50 

Yearly Labor & Maintenance 

$ 2.39 


$317.70 
$ 3.16 
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SYNFUEL ECONOMIC EVALUATION PARAMETERS 



NCAS 

FCM (IJ) 
SSM (IJ) 
CFF (IJ) 
SPM (I.J) 
SRM (I.J) 
CFM (I) 
DCFM (I) 

PCT 

PCT1 (I) 

PCT2 (I) 

PCT3 (I) 

PCT*! (I) 

PRSD1 (J.I) 

PSRD2 (J.I) 

EP1 

EP2 

EP3 

EP4 


INPUT VARIABLES 


Number of Cases to Be Run 

Fundamental Cost Matrix 

Synfuel Supply Matrix 

Competing Fuel Price Matrix 

Synfuel Price Matrix 

Synfuel Revenue Matrix 

Cash Flow Matrix 

Discounted Cash Flow Matrix 

Percent of Cost (Not Currently Exercised) 

Percent of Construction Cost for Module I Allotted to Year I 
" " " " " Module 2 " " Year I 

" * " " * Module 3 w • Year I 

" * " " " Module 4 " " Year I 

Premium or Subsidy Factor for Cost in Year I for Product J 
Premium or Subsidy Factor for Price in Year I for Product J 
Efficiency of the Gasification Process for Module 1 


ft 

ft 

ft 

ft 

ft 

ft 

ft 

If 

ft 

ft 

h 

ft 


Module 2 
Module 3 
Module A 
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INPUT VPRIABL.ES (Continued) 


JT1 

JT2 

JT3 

JR 

IST1 

IST2 

IST3 

I SR 

I0P1 

I0P2 

I0P3 

I0P4 

1X1 

1X2 

1X3 

m 

1YEAR 

1FLAG 


Designation of Synfuel Product for Matrix Position, Nodule 


it 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 


Module 

Module 

Module 


1 

2 

3 

4 


Start of Construction for Module 1 
" " " " Module 2 

" " " * Module 3 

" * " " Module H 

Start of C-peration for Module 1 

" " " " Module 2 

" " " M Module 3 

* " " " Module 4 

Shut-Dovin Time of Module 1 at End of Life 
" " " " Module 2 " " " " 

" « * « ^ 0DULE 3 * « * " 

" " " * Module 4 " " " " 

Year of Current Analysis 

Flag to Execise Fuel Price Escalation Parameterization Poutine 
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INPUT VARIABLES (Continued) 


f ‘ 

XCC1 


XCC2 

1 

» 

j* 

XCC3 


XCC4 

' ' 7 

7';. ' « 

CC051 

i 

CC052 


CC053 


CC054 


XC051 


XC052 


XC053 


XC054 


0C1 


0C2 


0C3 


0C4 


PNG 


PFO 


Construction Cost for Nodule 1 

" " " Nodule 2 

" " " Nodule 3 

" " " Nodule 4 

Yearly Coal Cost for Nodule 1 

« " " " Nodule 2 

» " " " Nodule 3 

" " " " Nodule 4 

Yearly Transportation Cost for Nodule 1 

" " " Nodule 2 

" " " Nodule 3 

» " " " Nodule 4 

Yearly Operation and Naintenance Cost for 

n 


99 

99 


99 


Current Price of Natural Gas ($/NNBTU) 

” " " Fuel Oil 
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Nodule 1 
Nodule 2 
Nodule 3 
Nodule 4 


INPUT VARIABLES (Continued) 


PEL 

mi 

PMET 

PHZ 

RCO (I) 
PNG (I) 
PFO (I) 
PEL (I) 
RGSL (I) 
PMET (I) 
PHZ (I) 
RCC1 (I) 
RCC2 (I) 
RCC3 (I) 
PCC4 (I) 
*0M (I) 
RXP (I) 


Current Price of Electricity ($/MMBTU) 

" " " Gasoline 

" " " Methanol 

" " " Hydrogen 

Inflation Factor for Coal Price in Year I 

" " " Natural Gas Price in Year I 

" " " Fuel Oil Price in Year I 

" " " Electricity Price in Year I 

" " " Gasoline Price in Year I 

* " " Methanol Price in Year I 

" " " Hydrogen Price in Year I 

Inflation Factor for Construction Cost of Module 1 in Year I 

* " " " w " Module 2 w Year I 

" w * * w " Module 3 * Year I 

" " " " " ” Module 4 " Year I 

Inflation Factor for Operation and Maintenance Cost in Year I 
Inflation Factor for Transportation Cost in Year I 
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INPUT VARIABLES (Continued) 


SUP1 

SUP2 

SUP3 

SUP4 

XR1 

XR2 

XR3 

m 

D1 

RINF 

ESPT 

BINF 

CINF 

COINF 

OMINF 

FINF 


Yearly Coal Input in BTU's for Module 1 

" " " " " " Module 2 

" " " " " " Module 3 

n n nun " MODULE 4 

Interest Rate on Money Borrowed for Construction of 


it 

it 


n 

tt 


tt 

it 


a 

tt 


a 

99 


n 

n 


Module 1 
Module 2 
Module 3 
Module 4 


Discount Interest Rate 
General Price Inflation 
Escalation Rate of Competing Fuels 
Basic Underlying Inflation Pate 
Construction Inflation Rate 
Coal Inflation Pate 

Operation and Maintenance Inflation Rate 

Factor of General Inflation Due to Fuel Price Increase 


COMPUTATION VARIABLES 


All Input Variables: 


L 

l 

j 

AA 

BP 

CC 

DD 

SUM] 0 

SUM11 

SUM12 

SUM13 

CC1 

CC2 

CC3 

CCA 


Counter to Exercise Price then Cost Loops 
Year Counter (Row) 

Product Designator (Column) 

Inflated Construction Cost for Module 1 in Year I 
* M " * Module 2 " Year I 

" * * * Module 3 " Year I 

" * " * Module A " Year I 

Sum of Construction Costs for n Years for Module 1 
" " " * " ” ” - Module 2 

* " " ' Module 3 

" " " w " * " Module A 

Total Escalated Construction Costs for Module 1 
" * " * Module 2 

* " w Module 3 

" " " " ' Module A 
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COMPUTATIONAL VARIABLES (Continued) 


SUM15 

SUMlf 

SUM17 

DM1 

DM2 

m 

m 

sun 


Designator Portion of Construction Cost to Be Charged Interest, 

Year I, Module 1 

Designator Portion of Construction Cost to Be Charged Interest, 

Year I, Module 2 

Designator Portion of Construction Cost to Be Charged Interest, 

Year I, Module 3 

Designator Portion of Construction Cost to Be Charged Interest, 

Year I, Module 

Variable Used for Storing Construction Cost with Interest 

During Construction, Module 1 
Variable UbED for Storing Construction Cost with Interest 

During Construction, Module 2 
Variable Used for Storing Construction Cost with Interest 

Duping Construction, Module 3 
Variable Used for Storing Construction Cost with Interest 

During Construction, Module 4 
Va : ’ alle for Computing Total Synfuels Cost 
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COMPUTATIONAL VARIABLES (Continued) 


XCRF1 

XCRF2 

XCRF3 

XCRF4 

CP.F1 

CRF2 . 

CRF3 

CRF4 

SUM18 

SUM19 

SUM20 



Capital Recovery Factor on Construction Cost for Module 1 

n « » » " " " Module 2 

n •> •> " " " " Module 3 

« » •• « n " " Module 4 

Capital Recovery Factor Multiplied by Cost for Module 1 

n n » >• n " " Module 2 

„ » « " " " " Module 3 

„ „ n n « " " Module 4 

Variable which Adds Construction Costs for Designated Years, 

Module 1 

Variable which Adds Construction Costs for Designated Years, 

Module 2 

Variable which Adds Construction Costs for Designated Years, 

Module 3 

Variable which Adds Construction Costs for Designated Years, 

Module 4 


<03 
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COMPUTATIONAL VARIABLES (Continued) 


XI Variable for Computing Operating Cost of Appropriate Years,, 

Module 1 

X2 Variable for Computing Operating Cost of Appropriate Years, 

Module 2 

X3 Variable for Computing Operating Cost of Appropriate Years, 

Module 3 

X4 Variable for Computing Operating Cost of Appropriate Years, 

Module 4 

Y1 Variable for Storing Coal Cost of Appropriate Years, Module 1 


Y2 

99 

99 

99 

99 

99 

99 

99 

99 

Module 2 

Y3 

99 

99 

99 

99 

99 

99 

99 

99 

Module 3 

VZi 

99 

99 

99 

*/ 

99 

99 

99 

99 

Mnnm p 


Z1 Variable for Storing Transportation Cost of Appropriate Years, 

Module 1 

Z2 Variable for Storing Transportation Cost of Appropriate Years, 

Module 2 

Z3 Variable for Storing Transportation Cost of Appropriate Years, 

Module 3 

Z4 Variable for Storing Transportation Cost of Appropriate Years, 

Module 4 
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COMPUTATIONAL VARIABLES (Continued) 


CPCST (JT1,I) 
CPCST (JT2,I) 
CPCST (JT3,I) 
CPCST (JT4, I) 
SUM1 
T1 . 

T2 

T3 

T4 

SUMO 

SUM3 

SUM8 

XPU 

YTOT 

DPMI 

FACT1 

FACT2 

SAVE (I) 


Computed Cost of Module 1 for Year I 

" " " Module 2 " Year I 

" " " Module 3 " Year I 

" " " Module 4 " Year I 

Variable for Adding Total Annual Cost 
Variable for Computing & Storing Synfuel Supply 

,i n n u n n a 

n n n a a " " 


n 


ii a a 


for 

Module 1 

H 

Module 2 

II 

Module 3 

II 

Module 4 


Variable for Computing Total Synfuel Supplies 

Variable for Computing Total Synfuel Revenues 

Variable for Computing Levelized Revenue Stream 

Variable Set to Annual Equivalent Factor for Levelized Stream 

Total Synfuel Supplied for Four Modules 

Variable Set to Levelized Product Price in $/MMBTU 

Discounting Factor 

Portion of Numerator in Uniform Payment Factor 
Uninflated Pevenue Stream (Discounted) 


COMPUTATIONAL VARIABLES (Continued) 


SUM9 

UPF1 

UPF2 

UPF 

AP 

DPM2. 

TEMPI 

sum 

SCOST 

SUM5 


Variable for Summing Uninflated Revenue Stream 
Numerator in Uniform Payment Factor 
Denominator in Uniform Payment Factor 
Uniform Payment Factor 
Levelized Uninflated Annual Payment 
Levelized Cost of Product in $/MMBTU 
Variable for Computing Cash Flow for Year I 
Variable for Summing Cash Flow 
Synfuels Cost on a $/MMBTU Basis 
Variable for Summing Discounted Cash Flow 


OUTPUT VARIABLES 


FCM (LJ) 

Fundamental Cost Matrix 

SUM1 

Total Synfuels Cost 

SSM (I,J) 

Synfuel Supply Matrix 

SUM6 

Total Synfuel Supplies 

SCOST 

Synfuels Cost on a S/MMBTU Basis 

CFP <I,J) 

Competing Fuel Price Matrix 

SPM (LJ) 

Synfuel Price Matrix 

SRM (LJ) 

Synfuel Revenue Matrix 

SUM3 

Total Synfuels Revenues 

CFM (I) 

Cash Flow Matrix 

SUM4 

Total Synfuels Cash Flow 

DCFM (I) 

Discounted Cash Flow Matrix 

sums 

Total Present Value 

SUMS 

Levelized Inflated Revenue 

DPMI 

Inflated $/MMBTU 

AP 

Levelized 1930 Revenue 

DPM2 

Levelized 1980 S/MMBTU 



t , ■<* M ' 

• ' - x .* 


- SAMPLE PROGRAM OUTPUT - 
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TASK 2. INDUSTRY ENERGY REQUIREMENTS 


During this three manweek task, TDC determined natural gas 

CURTAILMENTS IN NORTHERN ALABAMA AND SOUTH CENTAL TENNESSEE, 
PERFORMED A SYNFUEL MARKET ASSESSMENT, DETERMINED CURRENT AND 
PROJECTED INDUSTRIAL GROWTH, AND ANALYZED AN INTEGRATED INDUSTRIAL 

CO-GENERATION PARK, 


201 


TASK 2 - INDUSTRY ENERGY REQUIREMENTS 


• Fuel Curtailments 

• Synfuel Market Assessment 

• Industrial Growth 

• Co-Generation 


INDUSTRY ENERGY REQUIREMENTS 


In previous NASA/MSFC contracts, TDC established an industrial data base containing 

INDUSTRY ENERGY REQUIREMENTS, MANUFACTURING PROCESSES, AND NUMBER OF EMPLOYEES FOR 1 200 
BUSINESSES IN NORTHERN ALABAMA AND SOUTH CENTRAL TENNESSEE. ThE CURRENT TDC COnIcT EMPHA- 
S ZED NEW INDUSTRY MOVING INTO THE TVA REGION BECAUSE OF THE COAL CONVERSION FACILITIES' 

iN^pnreT r GY AVMLABILITY ' TDC ALS0 DETERMINED THE PRIME INDUSTRIAL SYNFUEL USERS, 

IN ORDER OF HIGHEST PRIORITY AND PRIMARY SYNFUEL UTILIZATION, TO BE: 


1. Chemical (Feedstock) 

2. Rubber (Thermal) 

3. Primary Metals (Thermal) 

4. Petroleum (Thermal and Feedstock) 


In 1978 and 1979, textiles, wood products, rubber, fabricated metals, apparel, and 

ELECTRONIC EQUIPMENT INDUSTRIES GREW THE MOST IN THE TVA AREA. ONLY WOOD PRODUCTS AND RUBBER 
INDUSTRIES ARE LARGE ENERGY AND SYNFUEL USERS. PRODUCTS AND RUBBER 

Nationally, electronic equipment, machine tools, plastics, chemicals, and metals 

INDUSTRIES GREW THE MOST. CHEMICALS AND METALS INDUSTRIES UTILIZE THE MOST ENERGY ■ TDC 
ANALYZED POTENTIAL INDUSTRIAL SITES FOR NEW LARGE ENERGY USERS RELATIVE TO THE MURPHY HlLL 

site. Estimates were made on synfuel utilization, capital investment, energy use, employ- 
ment AND LAND REQUIREMENTS. 
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TVA COAL CONVERSION FACILITY 
MODULE SYNFUELS PRODUCTS 


The illustration shows the four-module coal conversion facility 
producing MB6. The first two modules use methanation units to 

GENERATE SYNTHETIC NATURAL GAS (SNG) WHICH COULD BE SOLD DIRECTLY 
TO DISTRIBUTORS OF NATURAL GAS, MODULE 3 COULD SELL MBG OVER THE 
FACILITY BOUNDARY TO A CHEMICAL FIRM WHICH WOULD CONVERT THE MBG TO 
METHANOL AND THEN GASOLINE, THE FOURTH MODULE COULD GENERATE MBG 
FOR PIPELINE TRANSPORTATION TO INDUSTRIES IN NORTHER ALABAMA. THIS 
STUDY ALSO ANALYZED AN ALTERNATIVE TO THE FOURTH MODULE; THAT IS, 

AN INTEGRATED CO-GENERATION INDUSTRIAL PARK USING MBG AND/OR METHANOL 
AS FUEL AND FEEDSTOCKS. 
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TVA COAL CONVERSION FACILITY 
MODULE SYNFUELS PRODUCTS 
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Methanation 

i 

i 

. — — — 1 


SNG 

1 — * 

» 

Natural Gas 




i 

• 


Pipeline 




i 


Module 2 
MBG 


Methanation 

i 

1 — 



SNG 

i 

i 

i 



i 



1 

1 — i T 




Module 3 

— M 

Methanol | 

Gasoline 


mDu 




Module 4 



Industries 1 

MBG 


MBb PIPELINE r~ 



i 


i 


\ 


/^^Facility 'N 
^Roundary^^ 


206 


Storage 














SYNFUELS MARKET POTENTIAL 


A MARKET ASSESSMENT OF THE SIX SYNFUELS WAS MADE FOR UTILIZATION 

IM northern Alabama. The supply of four modules producing the 
‘ C0M parted to 1980 and 1990 estimated market demands, As 

i£r 

WILL SATURATE THE NORTHERN ALABAMA MARKET, AND A DIVERS TY OF^RODUC 
WHICH CAN BE EXPORTED (l.E., SNG, ELECTRICITY, GASOLINE) SHOULD BE 

CONSIDERED. 


SYNFUEI.S MARKET POTENTIAL 



MBG 

METHANOL 

SNG 

ELECTRICITY 

HYDROGEN 

CASOLINE 

potential 

CUSTOMERS 

Clll HI CALS 
RUBBER 
MET AI.S 
PETROLEUM 

INDUSTRIAL FUEL 
CASOLINE BLENDING 
PEAK POWER SHAVING 

WIDE 

INDUSTRIAL 

USE 

WIDE 

INDUSTRIAL 

USE 

AMMONIA 

GLASS 

METHANOL (+CO) 
HYDROTF EATING 
METALS 

PETR01.EUM REFINING 

FUEL 

AMOUNT YEAKLY 
PRODUCED* 

(4 MOD. TBTU/YK) 

110.44 

86.74 

83.42 

71.02 

82.16 

67.31 

1980 NORTH ALA. 
MARKET (TUTU/YR) 
( EXCLUDES 
B IRIl HUH AM) 

27.0 

NONE 

124.8 

56.6 (INCLUDES 
RESIDENTIAL) 

7.5 

139.2 

1990 NORTH ALA. 
MARKET (TBTU/YR) 

AO. 0 

>50.0 

184.7 

83.6 

11.8 

145.9 

1980/1990** 
PRICE ($/MBTU) 

A. 80/30. 45 

7.50/35.73 

7.80/ 30.45 

14. 85/21. 88 

8.20/38.06 

10.80/31.87 

COPWEHTS 

TVA PI.ANS TO 
SELL 3/ A OF 
OUTPUT DIRECTLY 
TO PIPELINE/ 
CHEMICAL 
COMPANIES 

COULD CONVINCE 
SEVERAL LARGE 
INDUSTRIES TO 
CONVERT TO 
METHANOL AS 
FUEL 

EFFICIENCY OF 
SNG PRODUCTION 
APPEARS HICH 
COMPARED TO MBG 

FUEL CELL 
ELECTRICITY 
NOT ECONOMICALLY 
C( MPETITIVE WITH 
FOSSIL & NUCLEAR 
ELECTRICITY 

HYDROGEN PRICES 
A STRONG FUNCTION 
OF QUANTITY SOLD 
PER DAY 

CASOLINE DEMANI 
IS EXPECTED TO 
REMAIN FI.AT OR 
DECREASE 


*90* OPERATIONS; 20,000 TPD; 24,050,000 BTU/TON 

**1980 PRODUCTION COSTS EQUALS PRICE; 1990 COMPETING FUEL ESCALATION PRICE 
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MAJOR INDUSTRIAL GROWTH 
IN TVA REGION 


During 1978 and 1979., about 180 new industries located in 

THE TVA REGION. OVER 200 EXISTING INDUSTRIES EXPANDED THEIR FACILITIES. 

Employment increased by over 20,000 each year. Industries ranked by 

GROWTH ARE ILLUSTRATED. THE MAJOR INDUSTRIAL GROWTH IS NOT FROM 
LARGE ENERGY USERS. 


MAJOR INDUSTRIAL GROWTH 
IN TVA REGION 


New Plants 
Expansions 

KW Demand 277 
Investment $915,027 
Employment 21 


iaza 


171 

181 

254 

281 

905 

469,505 

000 

$2,100,260,000 

637 

28,400 


Industries Ranked By Growth 


1. Instrumentation 

2. Machinery 

3. Electronic Machinery 

4. Apparel 

5. Textile Mills 

6. Furniture Manufacturing 

7. Primary Metals* 


8. Fabricated Metals 

9. Paper* 

10. Food 

11. Rubber* 

12. Stone & Clay 

13. Chemicals* 
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NORTH ALABAMA INDUSTRIAL 
SYNFUELS SELECTION 



Past TDC studies concluded that the metals, chemicals, wood, 

RUBBER, AND PETROLEUM INDUSTRIES WOULD HAVE A PROPENSITY TO USE 
SYNFUELS OR LARGE AMOUNTS OF ENERGY. THE TVA AREA HAS RESOURCES 
OF WATER, POWER, WOOD, LAND, AND INEXPENSIVE LABOR. CURRENTLY, THERE 
ARE NO PETROLEUM REFINERIES IN NORTHERN ALABAMA; THEREFORE, A REFINERY 
WOULD BE A PRIME NEW INDUSTRY. WITH THE TENNESSEE-TOMBIGBEE CANAL, 
ALUMNA AND CRUDE COULD BE SHIPPED FROM THE GULF TO NORTHERN ALABAMA. 
NEW INDUSTRIES WOULD LOCATE NEAR THE MURPHY HlLL SlTE TO AVOID 
TRANSPORTING SYNFUELS LONG DISTANCES. NEW INDUSTRIES LOCATING IN 

Northern Alabama could be integrated with existing industries and 

UTILIZE FUEL CELLS AND CO-GENERATION OF ENERGY. 


211 




NORTH ALABAMA INDUSTRIAL 
SYNFUELS SELECTION 



• Prime Synfuels Industries - Metals Chemicals, Wood, Rubber, 

Petroleum 

• Major Regional Resources - Water, Power, Wood, Land, Labor 

• No Petroleum Refinery in Northern Alabama 

• Access to Northern Alabama through Tenn-Tombigbee from 

Gulf (Crude & Alumna) 

t Emphasize New Industries Locating Near Murphy Hill 

• Demonstrate New Energy Technology such as Fuel Cells and 

Co-Generation 

• Integrate with Existing Industry such as Aluminum, Rubber, 

Chemicals, Wood 
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INDUSTRIAL SITE SELECTION 


New industrial sites should be selected for proximity to 
Murphy Hill with adequate land, on the main channel the Tennessee 
River, and be environmentally acceptable. Four sites were selected 
considering the above criteria. Three of the sites are owned by 
TVA, the fourth (the Revere Site at Goose Pond) could be shared. 
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INDUSTRIAL SITE SELECTION 


Name 

Connors 

Island 

Finley 

Island 

COURTLAND 

Goose Pond 


§ Proximity to Murphy Hill 
t Land Availability (> 200 Acres) 

• On Main Channel of River 

• Environmentally Acceptable 

• No Large Industrial Restrictions 


Preliminary Sites 


Proximity 

Approximate 

Acres 

Current 

Owner 

Channel 
Miles from 
Murphy Hill 

Guntersville 

600 

TVA 

12 

Decatur 

6,000 

TVA 

62 

COURTLAND 

3/000 

TVA 

82 

Scottsboro 

300 

Revere 

11 
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INTEGRATED NORTHERN ALABAMA 
CO-GENERATION INDUSTRIAL PARK 


Combining synfuel industry types. Northern Alabama characteristics, 

CO-GENERATION, AND FUEL CELLS, THE SCHEMATIC SHOWS AN INTEGRATED 
INDUSTRIAL PARK POSSIBLY LOCATING CLOSE TO MURPHY HlLL. THE ALUMINUM 
PLANT COULD BE AT REVERE OR THE PAPER MILL WOULD BE AT COURTLAND. 

The petroleum and petrochemical plant would be new: VCM is vinyl 

CHLORIDE MONOMER, WHICH IS USED TO MAKE PLASTICS, AND STYRENE IS USED 
IN MAKING TIRE CORD. ALUMNA AND CRUDE COULD BE SHIPPED IN VIA THE 
Tennessee-Tombigbee WATERWAY. 
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INTEGR/ 

CO-GENEF 


MBG or 



NORTHERN ALABAMA 
N INDUSTRIAL PARK 


Cells 


Steam 


Crude 
Steam 


Power 


Methanol 


Steam 


Power 


Petroleum 

Refinery 


Petrochemical 

Plant 

(Ethylene-Based) 


Fuel Oils 
Gasoline 


Ethylene 


VCM 

Styrene 


rs 





CO-GENERATION INDUSTRIAL PARK 
ESTIMATED PARAMETERS 


Estimates were made of fuel requirements, electricity needs, 

CAPITAL INVESTMENT, AND NUMBER OF EMPLOYEES THE INDUSTRIAL PARK WOULD 

REQUIRE. Fuel cells and the co-generation plant would generate 
ELLCTR1CITY AND STEAM. METHANOL AND/OR MBG WOULD BE IMPORTED FROM 
THE COAL GASIFICATION SITE. 
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CO-GENERATION INDUSTRIAL PARK ESTIMATED PARAMETERS 


Element 

Fuel Reqs, 
(TBTU/Yr) 

Electricity 

(TBTU/Yr) 

1980 Capital 
Investment 
($ Million) 

Number of 
Employees 

Paper Mill 

2.5 

0.9 

350 

800 

Aluminum 

3.0 

6.0 

400 

1,500 

Petroleum 

Refinery 

2.5* 

0.3 

80 

600 

Petrochemical 

1.5* 

2.0 

... 

110 

300 

Co-Generation 
Plant Plus 
Methanol Reqs, 

50.0** 


400 

200 

Fuel Cells 

10.0** 

— 

100 

150 

TOTALS 

60,0 

./EXCLUDES 

9.2 

1,440 

3,550 


*Does Not Include Crude and Methanol Feedstocks 

* “Co-Generation Plant and Fuel Cells Generate Electricity and Steam; 
Methanol Imported 91R 









CUSTOMER GAS CONSTITUENT REQUIREMENTS 


TDC ANALYZED NATURAL GAS MONTHLY DEMAND SCHEDULES AND QUANTITY 
OF FUELS PURCHASED BY NORTHERN ALABAMA INDUSTRIES. THIS WAS REPORTED 
SEPARATELY UNDER A MEMO ENTITLED "NATURAL GAS DEMAND IN NORTHERN 

Alabama". A brief medium-BTU gas application and industry retrofit 

ASSESSMENT WAS MADE. ElGHT LARGE INDUSTRIES IN NORTHERN ALABAMA WERE 
VISITED AND FUEL REQUIREMENTS WERE DETERMINED. 

Study conclusions and recommendations are made following the 

TASK OUTPUTS. 


CUSTOMER GAS CONSTITUENT REQUIREMENTS 


Task 3 • Customer Gas Constituent Requirements 

- Demand Schedules 

- Quantity of Fuels Purchased 

- Medium-BTU Gas Application 

- Northern Alabama Large Energy User Plant 

Tours 

- Retrofit Assessment 

• Conclusions and Recommendations 
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INDUS i RY ENERGY CURTAILMENTS 


Natural gas curtailments during 1977 and 1978 were compiled 

BY TDC FOR MAJOR ENERGY CONSUMING INDUSTRIES IN NORTHERN ALABAMA. 

TO AVOID RELEASING PROPRIETARY INFORMATION, THE INDUSTRIES WERE 
GROUPED BY STANDARD INDUSTRIALIZATION CODE (SIC) ON A TWO-DIGIT 
LEVEL. The LISTED SIC CODES ARE THE GROUPS THE NATURAL GAS CURTAIL- 
MENTS WERE AMALGAMATED INTO. 


INDUSTRY ENERGY CURTAILMENTS 

Standard Industrial Classification 
(SIC) Codes 

SIC Two-Digit Industry Title 


22 Textile Mill Products 
26 Paper and Allied Products 
28 Chemicals and Allied Products 
30 Rubber and Leather Products 

32 Stone, Clay, Glass and Concrete Products 

33 Primary Metals Industries 
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NATURAL GAS CURTAILMENTS 


Grouping all the Northern Alabama industries together, natural 
GAS CURTAILMENTS RANGED FROM A LOW OF 1,095 BILLION BTU CBBTU) PER 
MONTH DURING APRIL OF 1977, TO A HIGH OF 2,3A5 BBTU DURING JANUARY 
of 1978. Peak curtailments occurred during the summer and winter 

MONTHS WHEN RESIDENTS HAVE PRIORITY OVER INDUSTRIES ON ENERGY SUPPLIES. 
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Apr May Jun Jul Aug Sep 
1977 


22 



GH 2345 BBTU 
iw 1095 BBTU 
lNGE 1550 BBTU 


Dec Jan Feb Mar 

1978 


INDUSTRIAL NATURAL GAS DEMAND 


Northern Alabama industrial natural gas demand (includes fuel 

OIL USEAGE DURING NATURAL GAS CURTAILMENT) IS SHOWN TO PEAK DURING 
THE SUMMER AND WINTER MONTHS, THE VARIATION IN DEMANDS IS OVER 
900 BBTU PER MONTH. 
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MONTHLY VARIATION Gi : INDUSTRIAL I 
SIC CODES 22, 26, 28, 3 




NORTHERN ALABAMA INDUSTRY SURVEY 


Eight large energy consuming industries were surveyed and visited 
during June, 1980, by representatives from NASA, TDC, and UAH. Results 

OF THE SURVEY SHOW THAT THE INDUSTRIES SURVEYED PREFERRED NATURAL GAS 
BECAUSE OF RETROFIT AND HEATING REQUIREMENTS. MONSANTO COULD USE 
HYDROGEN, BUT NOT IN THE AMOUNT THAT WOULD BE SIGNIFICANT. REYNOLDS 

Metals could be a large user of synthetic natural gas by the late 
1980' s, and could possibly use MBG. 
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NORTHERN ALABAMA INDUSTRY SURVEY 


! 

PLANT 


ESTIMATED ENERGY USEAGE 

OTHER 

(TBTU/YR) 

ESTIMATED 

SYNKUE' 
UTIMZ/ ■ iv ' 

cmu/.i; 

DEMAND SCHEDULE 
A VARIANCE 

COMMENTS 

PRODUCT 

NATURAL 

GAS 

(TBTU/YR) 

FUEL* 

OiL 

(TBTU/YR) 

ELECTRICAL 

(TBTU/YR) 

FRUEHAUF 

ALUMINUM 

EXTRUSIONS 

0.6 

0.2 

12 

N/A 

PROPANE 

1.0 SNG 

2 A HOURS /DAY 
5-6 DAYS/WK 

NO FIRM NATURAL 
GAS CONTRACT, 

DIRECT FIRE FURNACES 

AMOCO 

TEREPHTLAIC 

ACID 

A. A 

0.2 

#6 

fl 

BUTANE 

8.0 

SNG OR MBG 

2A HOURS/ DAY 
7 DAYS/WK 
SMALL VARIANCE 
507. CAPACITY 

CO-GENERATION 

INTEREST. 

NO FEEDSTOCK RFQS 

FORD 

ALUMINUM 

CASTINGS 

O.OA 

-- 

0.006 

-- 

-- 

2A HOURS/DAY 
7 DAYS/WK 
SMALL VARIANCE 

UNCERTAIN IF 
ILANT WILL STAY 
IN PRODUCTION. 
PREFERS ELECTRICITY 

MONSANTO 

ACYLIC, SYN- 
THETIC WOOL, 
POLYESTER, COKE 

1.8 

-- 

0.52 

1.1 HYDROGEN 
LARGE COAL 
USER 

2.0 

H 2 OR MBG 

2A HOURS/DAY 
7 DAYS/WK 
SMALL VARIANCE 

CO-GENERATION, 
STEAM TURBINES. 

& HYDROGEN 
PRODUCTION STUDIES 

REYNOLDS 

ALUMINUM 
BARS fit SHEETS 

6.9 

0.587 

(INCLUDES DIESEL, 
LUBE, & KEROSENE) 

12.6 

0.32 

COAL 

30.0 

SNG OR MBG 

2 A HOURS /DAY 
7 DAYS/WK 
+ 507. VARIANCE 

MBG RETROFIT, FUEL 
CELL, MHD STUDIES 
DC POWER NEED 

GOODYEAR 

(GADSDEN) 

TIRES 6 TUBES 

m 

0.38 

#6 

N/A 

-- 

1.5 SNG 

2A HOURS /DAY 
5-6 DAY WEEK 


REPUBLIC 

STEEL 

STEEL PLATES 
6 SHEETS 

6.0 

0.2 

12 

N/A 

1.8 

COAL 

6.0 SNG 
OR 

3.0 MBG 

2 A HOURS /DAY 
5-6 DAY WEEK 
+ 507. VARIANCE 

CO-GENERATION, 
COAL GASIFICATION 
STUDIES PERFORMED: 
USE LOW BTU BLAST 
FURNACE GAS 

GOODYEAR 

(DECATUR) 

TIRE CORD 
& FABRIC 

D 

0.05 

12 

N/A 

PROPANE 

0.5 

SNG 

2A HOURS/DAY 
6 DAYS/WK 

GAS REQUIREMENTS 
SENSITIVE TO BTU 
CONTENT 


♦RECENT NATURAL GAS CURTAILMENTS SMALL; USUALLY UTILIZE FUEL OIL WHEN NATURAL GAS CURTAILED 


mi | 
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CUSTOMER GAS CONSTITUENT CONCERNS 


From the surveyed eight companies, all expressed concern about 

RETROFIT COSTS. SULFUR CONTENT, COMBUSTION PRODUCTS, AND SAFETY 
ARE ALSO CONCERNS OF SOME OF THE INDUSTRIES. 


CUSTOMER GAS CONSTITUENT CONCERNS* 


Plant Name 


Retrofit Sulfur Content Combustion Products 


1. Fruehauf 

2 . Amoco 

3. Ford 

4. Reynolds 

5. Good Year (Gad) 

6. Good Year (Dec) 

7. Republic Steel 

8. Monsanto 


X 

X 

X 

X 

X 

X 

X 

X 


X 

X 


X 

X 


X 

X 

X 

X 


Safety 


X 


*This excludes the cost of buying the MBG, and the cost of retrofitting customer plants 
to the MBG. 


POTENTIAL CUSTOMER UTILIZATION OF MBG 


Medium-BTU gas (MBG) can be used as a thermal source or 

FEEDSTOCK. ALL THE SURVEYED INDUSTRIES COULD USE MBG IN INDIRECT 

heating. Only Amoco and Monsanto could use MBG as a feedstock. 
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UTILIZATION OF MBG 



(None) • Amoco 

• Monsanto 









INDUSTRIAL GAS CONSTITUENTS 


Commercial-grade industrial gas constituents are shown for a 
VARIETY OF GASES. KOPPERS-TOTZEK (K-T) MBG IS ALSO SHOWN FOR 
REFERENCE. METHANE (OR NATURAL GAS) HAS AN ENERGY CONTENT AROUND 

1000 BTU/Ft 5 compared to the K-T MBG of 300 BTU/Ft . 
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INDUSTRIAL GAS CONSTITUENTS 

- Commercial Grade - 


Constituents 

Hydrogen 

Carbon 

Monoxide 

Carbon 

Dioxide 

Nitrogen 

Oxygen 

Methane 

Koppers 

Totzek 

co 2 

— 

2000 ppm 

99.5% 

0.002% 

10 PPM 

0.70% 

9.3% 

°2 

20 ppm 

0.4% 

0.086% 

0.02% 

99.6% 

0.1% 

— 

n 2 

5 PPM 

0.8% 

0.342% 

99.9% 

0.5% 

0.47% 

1.0% 

h 2 

99.95% 

0.7% 

— 

— 

— 

— 

34.3% 

h 2 o 

— 

— 

0.072% 

0.001% 

10 PPM 

— 

1.9% 

CO 

— 

98.0% 

— 

— 

— 

— 

53.0% 

CH/j 

— 

— 

— 

— 

— 

93.63% 

0.5% 
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KOPPERS-TOTZEK MED IUM-BTU GAS (MBG) 
INDUSTRIAL APPLICATION 


Flame temperatures for MBG and natural gas are about the same. 
The burner nozzles of boilers will have to be modified since the 
stream velocities and fuel richness are different, Using MBG instead 

OF NATURAL GAS WILL PROBABLY CAUSE FLUES TO BE MODIFIED; PIPING,, 
VALVES,, AND CONTROLS WILL HAVE TO BE MODIFIED, EACH PLANT WILL HAVE 
TO BE ANALYZED FOR RETROFIT OF MBG SINCE BOILERS., BURNERS/ AND 
PIPING ARE UNIQUE. 
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KOPPERS-TOTZEK MEDIUM-BTU GAS (MBG) 
INDUSTRIAL APPLICATION 


• Flame Temperature of 3600°F Is About Same for MBG and Natural 

Gas 

• Burner Flame Length to Nozzle Diameter Ratio for MBG Is About 

1/3 of Natural Gas 

• Natural Gas Burner Nozzles Will Have to Be Modified for MBG 

Stream Velocities and Fuel Richness to Prevent 
Flashback 

• Steam Boiler Useage of MBG Will Cause Flue Gas Volume and 

Steam from Hydrogen Problems 

• MBG Piping, Valves, and Controls Will Have to Be Retrofitted 

t MBG Ignitability in General Is No Problem 

t Each Plant Useage of MBG Will Be Unique and Retrofit Studies 
Will Have to Be Performed 


236 



GASEOUS FUELS 


Natural Gas, in normal usage, is construed to be a naturally 

OCCURRING MIXTURE OF HYDROCARBONS AND NON-HYDROCARBONS ASSOCIATED 
WITH PETROLIFEROUS GEOLOGIC FORMATIONS, It CONSISTS PRIMARILY OF 
METHANE (CH/j) WITH MINOR AMOUNTS OF ETHANE ((^Hg) AND OTHER HEAVIER 
HYDROCARBONS AND CERTAIN NON-COMBUSTIBLES SUCH AS CARBON DIOXIDE, 
NITROGEN, AND HELIUM. NATURAL GAS AS SUPPLIED BY THE UTILITY COMPANIES 
USUALLY CONTAINS FROM 80 TO 95 PERCENT METHANE, WITH ETHANE, PROPANE, 
AND NITROGEN MAKING UP THE REMAINDER. THE HEATING VALUE OF SUCH 
GASES RANGES FROM 900 TO 1200 BTU/CU.FT., WITH THE SPECIFIC GRAVITY 
(AIR = 1 . 0 ) VARYING FROM 0.58 TO 0 . 79 . 

Although there is no single composition that may be termed the 
"typical" natural gas, the next table shows analyses of natural gas as 

DISTRIBUTED IN A NUMBER OF CITIES IN THE UNITED STATES. 
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ANALYSES OF NATURAL CAS* 


City 

1 



Hr.it ing 
Value. 
RTII/cu . FI 

Spec I f 1 • 
Cl mv i t v 

Methane 

Ethane 

Propane 

Butanes 

Pentanes 

Hexanes 

r lus 

COj 

"2 

Mi « c . 

Baltimore, MD 

94.40 

3.40 

0.60 

0.50 

0.00 

0.00 

0.60 



1051 

0 . 400 

Birmingham, AL 

9.1. 14 

2.50 

.67 

.32 

.12 

.05 

1.06 

2.14 


1024 

v»«» 

Boston, HA 

95.51 

3.82 

.93 

.28 

.07 

.06 

0.94 

0 39 


1057 

Ml » 

Coluishus, Ohio 

93.54 

3.58 

0.66 

.22 

.06 

.03 

.85 

1.11 


1028 

so ; 

Dallas, Texas 

86.30 

7.25 

2.78 

.48 

.07 

.02 

.63 

2.47 


in«*3 

6.1 

Houston, Texas 

92.50 

4.80 


.30 



.27 

0. 13 


ion 

6? 1 

Kansas City. HO 

72.79 

6.42 

2.91 

.50 

.06 

Trace 

.22 

17 10 


945 

604 

Los Angeles, CA 

86.50 

8.00 

1.90 

.30 

. 10 

. 10 

.50 

2.60 


1084 

», 

Milwaukee, WI 

89.01 

5.19 

1.89 

.66 

.44 

.02 

.00 

2.73 

.06 He 

1051 

; 

New York, NY 

94.52 

3.29 

0.73 

.26 

.10 

.09 

.70 

0.31 


1049 

SIS 

Phoenix, AZ 

87.37 

8. 11 

2.26 

.13 

.00 

.00 

.61 

1.37 


1071 

f> n 

Salt Lake City, UT 

91.17 

5.29 

1.69 

55 

.16 

.01 

.29 

0.8? 


1082 

614 

San Francisco, CA 

88 69 

7.01 

1.93 

.28 

.03 

00 

.62 

1.43 

01 lie 

1086 

6 ’4 

Washington. D.C. 

95.15 

2.84 

0.61 

.24 

.05 

.05 

.67 

0.42 


104? 

4511, 


♦Source: Ref. 1 
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IMPU iES IN RAH NATURAL 


Analysis of a Sample of Natural Gas* 


Component Mole X 

Methane 76.2 

Ethane 6.4 

Propane 3.8 

n-Butane 1.3 

Isobutane 0.8 

n-Pentane 0.3 

Isopentane 0.3 

Cyclopentane 0.1 

Hexane + hydrocarbons 0.3 

Nitrogen 9.8 

Oxygen Trace 

Argon Trace 

Hydrogen 0.0 

Hydrogen sulfide 0.0 

Carbon dioxide 0.2 

Helium 0.45 


*Source: Ref 


Panhandle natural gas field (Texas) 

9 





CARBON COMPOSITION OF CRUDE PETROLEUM 


Fuel Type 
Gas 

Gasoline 
Kerosene 
Fuel Oil 
Lubricating Oil 
Residue 


Number of Carbon Atoms 
ULJiiEJim 

C 1* C H 

c 5' c 12 

c 10" c 16 

c 15' c 22 

C 19~ C 35 

c 36" c 90 


*Source : Ref. 2 


, I Util \ i f\ t>t f wtni Shift ► (.Ur It 1 hf * 


U 



II 

l 


1 


I 

i 

j 
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ANALYSES OF WORLD CRUDE OILS 


Source: Ref. 1 



Arabian 

Minas, Central 
Sumatra, Topped 

Pul omayo 
Col om!> la 

— 
Gulf Nigeria 

Z.ulta, Venezuela 

1 ran 

Kuw 

i r 
S 

Gravity , °API 

30.0 

35.3 

35. 

0 

34 . 

7 

25 

2 

36 

6 

n 

Dlstilatlon. °F: 
Type 

0 86 

D 86* 

U0P 76 

°F 

Vol .7. 

°F 

Vo 17. 

llempel 

Vol .7. 

Hem pel 




IBP (initial boiling point) 

77 

173 

594 

IBP 400 

34.1 

IBP 140 

6.3 

IBP 122 

0. 1 

IBP 12? 

1.5 

IBP 12? 


57- 

160 

216 

662 

400-500 

9.3 

140-170 

1.8 

122-167 

12 

122-167 

2.8 

122-167 

> r 

10 

231 

246 

699 

500-650 

20.3 

170-310 

16.8 

167-212 

2.3 

167-212 

4.5 

167-21? 

* 

20 

287 

295 

750 

650-750 

9.0 

310-520 

26.5 

212-257 

3.7 

212-257 

6 3 

212-257 


30 


341 

792 

750-900 

11.4 

520-680 

19.3 

257-302 

3.9 


7.1 

257 - 3'*? 

/* 

50 

330 

427 

890 

900* 


680+ 

30.9 

302-347 

4.1 

302-347 

5.6 

30?- U7 

4 . ‘ 

70 

435 

497 

1042 




. . . 

347-392 

3.6 

347-392 

5.4 

347- 39? 

'l \ 

90 

452 

575 

Cracked 





392-437 

3.4 

392-437 

5.4 

392-417 

1 

95 

526 

319 






437-482 

4.7 

437 482 

5.5 

437-48? 

'■ . . 

EP (end Point) 

526 

639 

1042 + 





482 527 

6.0 

482-527 

7.4 

482-527 

5 ' 









527-583 

2.2 

527-583 

2.6 

527-583 

?.( 









583-633 

5.1 

583-633 

6.6 

58 1-6 13 

7 . i 









633-687 

4.9 

633-687 

5 6 

613 687 

4 . 









6B7-738 

5.2 

687-738 

5. 1 

687-/38 

'♦ * 









738-790 

7 . 3 

738-790 

5.9 

738-790 

r 

X recovered 


99.0 

72.5 

101 . 

3 

101 . 

6 

57. 

7 

77. 

3 



X residue 


1.0 

27.5 





42. 

1 

22. 

5 

34 

8 

Total sulfur, wt 7. 

3.05 


0.2 

0. 

4V 

0. 

16 

1 . 

69 

| 

17 

•1 

6? 

Reid vapor pressure, pslg 

3.8 













Pour point, °F 

-33 


0 

4 5 


20 


5 


5 


5 


Gasoline, voi X 

29.1 

11 

34. 

J 

24. 

9 

18. 

9 

32. 

2 

2 5. 


Kerosine, vol X 

16.0 

16 

9. 

3 

26. 

5 

14. 

1 

18. 

3 

1 1 

T 

Gas oils, vol X 

12.5 

14 

40. 

7 

19. 

3 







Residuum, vol 7. 

42.4 

59 

17. 

2 

30. 

9 







Metals in gas oils, ppm: 














Vanadium 

0 



25 


0. 

7 







Nickel 

0 



11 


5. 

l 







Iron 

3 













Salt, lb/ l . 000 bbl 

12 



Trace 

5 
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TYPICAL ULTIMATE ANALYSES OF PETROLEUM FUELS 


Composition , 

7 , 

No. 1 
fuel oil 
(41.5° A.P.I.) 

No. 2 
fuel oil 
(33° A.P.I.) 

No. 4 
fuel oil 
(23.2° A.P.I.) 

Low 

sulfur , 

No. 6 F.O. 
(12.6° A.P.I.) 

High 
sulfur , 

No. 6 

(15.5° A.P.I.) 

Carbon . . . . 

86.4 

87.3 

86.47 

87.26 

84.67 

Hydrogen . . . 

13.6 

12.6 

11.65 

10.49 

11.02 

Oxygen .... 

0.01 

0.04 

0.27 

0.64 

0.38 

Nitrogen . . . 

0.003 

0.006 

0.24 

0.28 

0.18 

Sulfur .... 

0.09 

0.22 

1.35 

0.84 

3.97 

Ash 

<0.01 

-=0.01 

0.02 

0.04 

0.02 

C/H Patio . . 

6.35 

6.93 

7.42 

8.31 

7.62 


Source: Ref, 1 
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Source : Ref , 



CHEMICAL AND PHYSICAL PROPERTIES 4 

Petroleum fuels consist primarily of paraffins, isoparaffins, aromatics, 

AND NAPHTHENES, PLUS RELATED HYDROCARBON DERIVATIVES OF SULFUR, OXYGEN, AND 

NITROGEN THAT WERE NOT REMOVED BY REFINING, OLEFINS ARE ABSENT ™ ttn ^CKEL 
EXCEPT WHERE CREATED BY CRACKING OR OTHER SEVERE REFINING. VANADIUM AND NICKEL 
COMPOUNDS ARE LOW IN VOLATILITY AND DO NOT DISTILL INTO THE No 1 AND NO. 2 
FUEL OIL FRACTIONS. VACUUM-TOWER DISTILLATES WITH A FINAL BOILING POINT 
EQUIVALENT TO 850 TO 1050°F. AT ATMOSPHERIC PRESSURE ARE OCCASIONALLY AVAI - 
ABLE AS FUEL NOT CONFORMING WITH A.S.T.N. SPECIFICATIONS AND MAY CONTAIN 0.1 

TO 0.5 P.P.M. VANADIUM AND NICKEL. 

The BLACK VISCOUS distillation-tower bottoms (residuum) may be taken 
DIRECTLY FROM THE STILL AND BURNED AS INDUSTRIAL FUEL WITHOUT COOLING BELO^ 
I|50°F . , OR MAY BE BLENDED INTO THE RESIDUAL FUELS OF COMMERCE. 

5 TO 20 PER CENT DISTILLATE THIS BECOMES No. 6 FUEL OIL, OR IT MAY BE 
BACK WITH 20 TO 50 PER CENT DISTILLATE TO MAKE No. 0 AND 5 FUEL OILS FOR 
COMMERCIAL USE, AS IN SCHOOLS AND APARTMENT HOUSES. D ' ST 'LLATE-RE S IDUAL 
ri FNDS ARE ALSO USED AS DIESEL FUEL IN LARGE STATIONARY AND MARINE ENGINES. 

OWEVER D.ST LLATES WITH INADEOUATE SOLVENT POWER WILL PRECIPITATE ASPHALTENES 
AND O H R -MOLECULAR-WEIGHT COLLOIDS FROM "VISBROKEN" ^VERELY HEA D 

residuals A blotter test, A.S.T.H D 2781, can be used to detect sludge in 
"lends. Centrifuge tests, filtration tests, and microscopic examination 

have also been used. 

Ho 6 FUEL OIL CONTAINS 10 TO 500 P.P.M. VANADIUM AND NICKEL IN COMPLEX 

«■« •*«; »“» 

OUT OF THE OIL. SALT, SAND, RUST, AND DIRT MAY ALSO BE PRESENT, GIVING NO. b 
A TYPICAL ASH CONTENT OF 0.01 TO 0.5 PER CENT BY WEIGHT. 
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-Source: Ref. 1 


COMBUSTION DEPOSITS* 


Residual fuels cost i.fss and have higher heat content per gallon than distillate 

FUELS, BUT THEY USUALLY HAVE HIGHER SULFUR CONTENT PLUS SODIUM, VANADIUM, NICKEL AND 
OTHER ASH-FORMING INGREDIENTS. In AND NEAR THE COMBUSTION ZONE, MOSTEN ASH CAN 
CAUSE CORROSION AND DEPOSITS; IN OTHER AREAS THAT ARE BELOW 350°F,, WATER AND 
SULFUR COMPOUNDS CONDENSE INTO CORROSIVE ACID SOLUTIONS. 

During combustion, the ash-forming materials are converted to oxides which 

INTERACT TO FORM A VARIETY OF CHEMICAL COMPOUNDS. If THEY COOL AND SOLIDIFY BEFORE 
STRIKING A SOLID SURFACE, THE ASH PARTICLES ARE LIKELY TO PASS THROUGH THE EQUIPMENT. 

However, parts of a boiler (or gas turbine or diesel engine) which opiate at the 

ASH FUSION TEMPERATURE OR HIGHER MAY ACCUMULATE SLAG DEPOSITS AND BE SUBJECT TO 
CATASTROPHIC CORROSION. VANADIUM COMPOUNDS ARE PARTICULARLY CORROSIVE WHEN MOLTEN. 

Combustion air often carries dust that affects furnaces. A classical example 

IN LIMESTONE AREAS IS THE DIOPSITE FORMED IN THE FLAME BY LIMESTONE AND SILICA DUST, 

AND DEPOSITED ON REFRACTORIES AS A GLASS. SPALLING OCCURS WHEN THE FURNACE COOLS 
BECAUSE THE DIOPSITE AND REFRACTORY SHRINK AT DIFFERENT RATES. 

Ashes are mixtures of compounds with differf_nt sintering and softening temperatures, 

AND FUSION MAY OCCUR OVER A RANGE OF 200°F. BETWEEN THE INITIAL SINTERING AND FINAL 
COMPLETE LIQUEFACTION. FOR EXAMPLE, ^ 2^5 MELTS AT 12A3°F,, BUT OIL ASH FUSION TEMPER- 
ATURES RANGE FROM BELOW 1000 TO OVER 2000°F., DEPENDING ON THE RELATIVE CONCENTRATIONS 
OF FLUXES (PRINCIPALLY SODIUM) AND REFRACTORY COMPOUNDS (SUCHAS SILICA, MAGNESIA, 

AND ALUMINA). As A GENERAL RULE, VANADIUM CORROSION USUALLY OCCURS AT TEMPERATURES 
ABOVE 1250°F., AND SULFIDATION (ATTACK OF NICKEL ALLOYS BY SULFATES) ABOVE 1650°F. 
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Magnesia, Epsom salts, and other inexpensive magnesium compounds are added at 
Mg/V weight ratios OF 3 to 1 OR 3.5 TO 1 TO prevent corrosion and deposition by 
raising the ash fusion temperature. There is disagreement over the value of alumina 
as a coadditive to overcome the slight tendency of magnesia to form deposits. 

Calcium compounds have been widely tested but are now considered undesirable because 
they form hard, adherent, insoluble deposits. Manganese compounds and, to a lesser 

EXTENT, LEAD AMD COPPER COMPOUNDS ARE BEING USED AS COMBUSTION CATALYSTS TO REDUCE 
SOOT AND SMOKE FORMATION. ASIDE FROM ADDITIVES DESIGNED TO MODIFY THE ASH OR COM- 
BUSTION PERFORMANCE, THERE ARE MANY PROPRIETARY ADDITIVES SOLD TO BENEFIT THE FUEL 
HANDLING SYSTEM. THESE MAY CONTAIN SOLVENTS OR DISPERSANTS TO COMBAT SLUDGE DEPOSITS, 
EMULSIFIERS OR DEEMULSIFIERS FOR WATER IN THE FUEL, CORROSION INHIBITORS, AND OTHER 
SPECIFIC FUNCTIONAL INGREDIENTS. FUEL SUPPLIERS SHOULD BE CONSULTED FOR POSSIBLE 
ADVERSE REACTIONS BETWEEN THE ADDITIVE AND FUEL, AND CLAIMS FOR THE ADDITIVE SHOULD 
BE EVALUATED CAUTIOUSLY, BUT THEIR POTENTIAL USEFULNESS FOR SPECIFIC PERFORMANCE 
PROBLEMS SHOULD NOT BE OVERLOOKED, 


*Source : Ref. ] 
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TYPICAL SLAG FROM BOILER FIRED WITH NO, 6 FUEL OIL* 



Oil ash, 
% 

Superheater 

deposit, 

% 

SI 02 

1.7 

7.0 

AL 203 

0.3 

4.1 

Fe 2°3 

3.8 

5.8 

CaO 

1.7 

4.5 

MgO 

1.1 

2.5 

NiO 

1.9 

1.1 

v 2 o 5 

7.9 

0.9 

Na 2 0 

31.3 

25.7 

0 

C/5 

42.3 

46.4 

* From McIlroy, 

Holler, and Lee, 

A.S.M. E., Paper no. 52-A-160 
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FUEL CHARACTERISTICS* 


Fuels used in industrial engines of the internal-combustion type are 

USUALLY DERIVATIVES OF PETROLEUM., OR ELSE NATURAL OR MANUFACTURED GASES. 

Alcohols and mixtures of gasoline and alcohol or benzol can also be used. 

A gas engine will operate satisfactorily on any gas which is free of dust, 

NON-CORROSIVE (i.E., LESS THAN 60 GRAINS H 2 S PER 100 CU. FT.), DOES NOT 
DETONATE, DOES NOT PREIGNITE DURING COMPRESSION STROKE, AND PRODUCES 
ENOUGH HEAT ON BURNING TO DEVELOP POWER. 

IN GENERAL THE FUEL MUST HAVE A HEAT CAPACITY OF OVER 600 BTU/CU. FT. 

Gasoline engines require in addition that the fuel will vaporize in the 

CARBURETOR. DlESELS WILL BURN ANY FUEL THAT CAN BE INJECTED, PROVIDED 
THAT IT WILL BURN UNDER CONTROLLED CONDITIONS, POSSESSES SUFFICIENT 
LUBRICITY TO LUBRICATE THE INJECTION PLUNGERS, WILL SUPPLY ENOUGH HEAT, 

AND IS GRIT-FREE, CONTAINING LESS THAN 3 PER CENT SULFUR, 70 P.P.M. 
VANADIUM, AND 125 P.P.M. VANADIUM PENTOXIDE. MOST DIESEL ENGINES USE 
EITHER No. 2 OR No. 5 FUEL OILS. THE LATTER MUST BE HEATED TO A VISCOSITY 
of 50 to 70 S.S.U, (250°F. approximately) for proper injector lubrication 

AND INJECTION CHARACTERISTICS. 

Gaseous fuels containing fractions whose ignition temperature is 

LOWER THAN THAT OF METHANE MAY REQUIRE THE USE OF LOW-COMPRESS ION HEADS 
AND A RESULTING DERATING OF THE GAS ENGINE. 
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The method of reporting fuel consumption varies among the different 

INDUSTRIES AND ALSO AMONG COUNTRIES. TRADE ASSOCIATIONS USUALLY HAVE 
RECOMMENDED PROCEDURES, THUS THE OlESEL ENGINE MANUFACTURERS ASSOCIATION 

(United States) calculates efficiencies based on the lower heating value 

(LHV) FOR GAS FUELS AND THE HIGHER HEmTING VALUE FOR OIL FUELS. It IS 
GENERAL PRACTICE TO REPORT GAS-ENGINE PERFORMANCE IN TERMS OF ETU/hP.-HR. 
(LHV) AND OIL-ENGINE PERFORMANCE IN TERMS OF POUNDS OF FUEL CONSUMED PER 
HORSEPOWER-HOUR. FOR ELECTRIC POWER PLANTS, FUEL CONSUMPTION IS REPORTED 
IN TERMS OF KILOWATTS. THE AUXILIARIES INCLUDED WITH ENGINE-EFFICIENCY 
CALCULATIONS VARY WITH INDUSTRY PRACTICE. 


*Source: Ref. 1 
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RETROFIT OF INDUSTRIAL BURNERS* 


Combustion trials were completed with the fourth burner (high-forward- 
momfntum) and the fifth burner (flat-flame). Experiments have begun with the 
sixth burner (high-excess-air). The high-forward-momentum burner could be 

OPERATED WITH A STABLE FLAME USING ALL THREE OF THE SUBSTITUTE FUEL GASES/ 

Kop~ers-Totzek oxygen (KTO), Wellman-Galusha air (WGA) and Winkler air (WA). 

KTO PERFORMED SLIGHTLY BETTER THAN NATURAL GAS IN TERMS OF THERMAL EFFICIENCY 
WHILE WGA AND WA DID NOT PERFORM AS WELL AS NATURAL GAS. 

The FLAT-FLAME BURNER COULD NOT BE OPERATED WITH A FLAT-FLAME USING ANY 
OF THE SUBSTITUTE FJELS. SUBSEQUENT EXPERIMENTS FOUND THAT MODIFYING THE AIR 
INLET AND DOWNRATING THE BURNER FROM 3 MILLION BTU/HR TO 2 MILLION BTU/HR 
COULD ACHIEVE A FLAT-FLAME WITH KTO FUEL GAS. MUCH MORE SERIOUS DOWNRATING 
WOULD BE NECESSARY FOR THE LOW-BTU WeLLMAN-GaLUSHA AIR AND WlNKLER AIR FUEL 
GASES ON THIS PARTICULAR BURNER. 

♦Source : Ref. 3 
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ABSTRACT 


. Data were gathered to determine the performance of a high-forward- 
momentum BURNER WHEN RETROFIT WITH THREE LOW-TO-MED I UM-BTU GASES, THE 
BURNER WAS FIRED ON THE I6T PILOT-SCALE TEST FURNACE WITH A LOAD SIMULATING 
ONE ZONE OF A CONTINUOUS REFRACTORY KILN OR ONE INSTANT DURING THE HEAT-UP 
OF A BATCH KILN. The LOW-AND MEDIUM-BTU GASES SIMULATED FOR THESE COMBUSTION 
TRIALS WERE KOPPERS-TOTZEK OXYGEN; WELLMAN-GALUSHA AIR; AND WlNKLER AIR FUEL 
GASES. All OF THE SUBSTITUTE FUELS EXHIBITED STABLE FLAMES WHEN DIRECTLY 
RETROFIT ON THE BURNER. KoPPERS-TOTZEK OXYGEN GAVE A THERMAL EFFICIENCY 
SLIGHTLY GREATER THAN THAT FOR NATURAL GAS; BUT WELLMAN-GALUSHA AND 

Winkler air fuel gases each had lower efficiencies. Koppers-Totzek oxygen 

AND WeLLMAN-GaLUSHA AIR FUEL GASES HAD FLAME LENGTHS LONGER THAN THAT FOR 
NATURAL GAS; WHEREAS WlNKLER AIR FUEL GAS HAD A FLAME LENGTH COMPARABLE TO 
THE NATURAL GAS FLAME. 

*Source: Ref. 4 
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APPROACH * 


Combustion data was gathered for eight types of industrial burners 
with three low-BTU gases in order to evaluate the magnitude of the retrofit 
problem, The three gases are Koppers-Totzek oxygen, Wellman-Galusha air, 
and Hinkler air. The eight types of burners are forward flow, kiln, nozzle 
mix, high forward momentum, flat flame, high excess air, premix tunnel, and 
boiler burner. The firing level and load configuration on the I6T pilot- 
scale furnace will be adjusted to simulate a furnace on which each burner 
is typically found. The following data will then be collected: 

§ Rate of gas and air flow into the burner 

• Combustion air preheat temperature 

• Velocity of fuel and air at burner outlet 

• Flue-gas temperature 

• Volume of flue gases 

• Flue-gas species concentrations 

t Heat absorption profile 

• Resonance noise level 

t Flame length measurements and photographic documentation of the flame 

• Flame-width measurements 

• Furnace efficiency 

t Radiant heat flux from the flame 

• Radiant heat flux across the furnace 

• Post flame emissivity 

t Average flame temperature at six axial and ten radial positions along 
the furnace center line 

• Flow direction profile 


This report presents the results of combustion trials using a North 
American Manufacturing Co. Tempest burner, which is representative of the high- 
forward-momentum (HFM) BURNER TYPE. THE BURNER SIZE AND FIRING RATE WERE 
CHOSEN TO SIMULATE THE FIRING DENSITY (BTU/CF-HR) IN A REFRACTORY KILN. 


NOMINAL CHARACTERISTICS OF KOPPERS-TOTZEK MEDIUM BTU GAS* 


Fuel 

£Q 

h 

co 2 

CH/| 

Koppers-Totzek 

53.0 

3ii.3 

9.3 

0.5 


Oxygen 




Adiabatic 



Heating 

Flame 



Value, 

Temp,* 

Specific 

HoO 

BTU/SCF 

°F 

Gravity 

Cm i 

1.9 

287 

3570 

0.68 


*Source: Ref. 4 
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FURNACE AND HICiH-FOliHARD-nONlNIlIH BURNER OPERATION CONDITIONS* 


Flue jjas An alysis 



Fur 1 j 

A 1 h 

Air 

Fue 1 4 

Air 

Flue Gab 
Temperature , 

Volume Flow 
Flue Gas 
SCF/ilR 

Flame 

length, 

cm 

Thermal** 
Efficiency , 
T. 

NO^ CO 

co 2 

2^ 

Dry Bas! 

Fuel Type 

K low , 
SCF/HR 

Flow. 

SOK/IIR 

Veloei t y . 
f t /s 

Velocity, 

ft/» 

— ppm — 

*“*• 









1.9 

N<i( nral Oas 

2 . 90(1 

Kl. 670 

2 31 

200 

2369 

33.540 

66 

36.0 

49 20 

10 8 

K* ippe rs-Tut zek 

10.550 

26 . ISO 

838 

1S8 

71J9 

30,330 

111 

35 5 

25 35 

23.9 

l 9 


Oxygen 


^Source : Ref . 4 
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TEMPERATURE PROFILES ( C) FOR 
NATURAL GAS ON THE HIGH- 
MOMENTUM BURNER 


400 H 


300 “ 


200 H 


100 H 


TEMPERATURE PROFILE (°C) FOR 
KOPPERS -TOTZEK OXYGEN FUEL 
GAS ON THE HIGH -FORWARD- 
MOMENTUM BURNER 



-60-40-20 0 20 40 60 
Furnace Width, cm 


e 

u 


X 

■W 

60 

C 

OJ 

X 

(0 

o 

<0 

c 

3 



Source: Ref. 4 





Fraction of Total Heat Removed by Load 


HEAT-ABSORPTION PROFILES FOR KOPPERS-TOTZEK OXYGEN AND 
NATURAL GAS ON THE H 1 GH-FORWARD-MOMENTUM BURNER 



Distance from Burner Wall 
Furnace Length 


Source 


Ref. A 
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KOPPERS-TQTZEK OXYGEN FUEL GAS RETROFIT CONCLUSIONS * 


KTO WILL GIVE FEW PROBLEMS WHEN RETROFITTED TO THIS BURNER IF THE 
EXTENDED FLAME LENGTH (111 CM VS. 66 CM) IS ACCEPTABLE. THIS WILL PROBABLY 
BE THE CASE FOR MANY APPLICATIONS OF THIS BURNER. THE THERMAL EFFICIENCY,, 
FLAME TEMPERATURES, AND HEAT ABSORPTION PROFILE ARE ALL SIMILAR TO THOSE 
MEASURED FOR NATURAL GAS. 


-’'Source: Ref. 4 
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GAS CONSTITUENT REQUIREMENTS 

- Data Search - 


r nc Industrial Processes Indicated That: 
Preliminary Survey of Industrial 

- Plant-Specific Data Is Absent. 

Ctu! , « u Processing Routes May use 

- rfiSStS of°Fuei_ Even Thoush the Tot*e 

Energy Consumed Is the Same. 

r . un . M ,r(. Operating Apparently 

- Different Companies -frequently Consume Different 

Identical Systems crequ a Degree 

Amounts of Energy Because of Plant 

of Maintenance, Etc. 

- Process E«erc< 

Etc. 
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NONHYDROCARBON 


Type of Impurity 


Hydrogen Sulfide 
Carbon Disulfide 
Carbon Oxysulfide 
Thiophene 
Mereaptans 
Ammonia 

Hydrogen Cyanide 
Pyridine Bases 
Nitric Oxide 
Carbon Dioxide 


*Source : Ref . 5 
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IMPURITIES IN COAL GASES* 

— — — — \ 

Typical Concentration, 

Percent by Volume 

i 

0.3-3. 0 
0.016 
0.009 
0.010 

0.003 1 

I 

1.1 j 

0.10-0.25 | 

0.004 
0.0001 
1. 5-2.0 
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CONCLUSIONS 


The coal conversion facility under design consideration will 

PRODUCE AN AMOUNT OF ENERGY WHICH WOULD SATURATE THE NORTHERN ALABAMA 
REQUIREMENTS. THEREFORE, DIVERSIFICATION OR EXPORTATION OF PRODUCTS 
IS NECESSARY. SYNTHETIC NATURAL GAS (SNG) OR GASOLINE WOULD BE PRIME 
PRODUCTS SINCE THE INFRASTRUCTURE EXISTS FOR DISTRIBUTION. METHANOL 
COULD BE DEVELOPED INTO A FUEL OR FEEDSTOCK. ESCALATION OF CONVEN- 
TIONAL FUELS (P RTICULARLY NATURAL GAS) SHOULD PROVIDE COMPETITIVE 
ECONOMICS FOR SYNFUELS DURING THE 1980 ' S. 

An alternate TO RETROFITTING SEVERAL LARGE INDUSTRIES FOR MBG 
WOULD BE AN INDUSTRIAL PARK DEMONSTRATING FUEL CELLS AND CO-GENERATION. 
A FEW LARGE COMPANIES OR FUEL DISTRIBUTORS WILL USE THE MAJORITY 
(IF NOT ALL) THE SYNFUELS PRODUCTS FROM THE COAL CONVERSION FACILITY. 


CONCLUSIONS 


• Coal Conversion Plant Produces Amount of Energy Which Would 

Saturate Northern Alabama Requirements; Therefore, 
Exportation Is Required 

• Prime Synfuels for Current Market Could Be SNG and Gasoline 

Because of Existing Distribution System; Methanol Could Be 
Developed into Prime Fuel 

• Escalation of Competing Conventional Fuels Prices Should 

Provide Synfuel Competitive Economics in Future 

• Attractive Alternate to Retrofitting Existing Industries for 

MBG (Small Market) Would Be New Industries in 

Co-GE^rRATION INDUSTRIAL PARK AND/OR PRODUCING SNG 
AND . v "HANOL 

• A Few L.r.t .. stries or Fuel Distributors Will Utilize 

Majof (If *!ot All) of Synfuels Under Long-Term 
CONTR/.' fS 
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RECOMMENDATIONS 


NASA/MSFC should continue to develop and expand the capabilities 

TO PERFORM SYSTEM ENGINEERING STUDIES TO OPTIMIZE DESIGNS OF COAL 
CONVERSION FACILITIES FOR PRODUCTION OF ALTERNATE FUELS. ENERGY 
SYSTEMS SHOULD ALSO BE ANALYZED FOR USE OF CO-GENERATION TECHNIQUES 
AND DEMONSTRATION OF FUEL CELLS. COMPETING FUEL PRICES SHOULD BE 
BETTER UNDERSTOOD SINCE COMMERCIALIZATION OF SYNFUELS WILL BE DRIVEN 
BY COST AND PRICE. THE SYNFUELS ECONOMIC EVALUATION MODEL (SEEM) 
SHOULD BE EXPANDED FOR EXTENSIVE COST AND ECONOMIC ANALYSIS. METHANOL 
IS CURRENTLY NOT BEING EXTENSIVELY USED IN NORTHERN ALABAMA; IT SHOULD 
BE INVESTIGATED FOR USE AS A FEEDSTOCK OR FUEL. 


264 


RECOMMENDATIONS 


• Continue Coal Conversion System Engineering Studies for 

Production of SNG, Gasoline, Methanol, Electricity, 
and MBG 

• Analyze Co-Generation and Fuel Cell Industrial Parks 

• Competing Fuel Price Escalation Will Make or Break Economics 

of Coal Conversion Facility; Therefore, Better Under- 
standing of Price Escalations Is Necessary 

e Synfuels Economic Evaluation Model (SEEM) Should Be Enhanced 
and Utilized to Support Engineering and Product Market 
Assessment of Coal Conversion Facility 

• Investigate Utilization of Methanol as Fuel and Feedstock 
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